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FOREWORD 


This Final Technical Report covers work perfomed under Contract NAS3- 
21017 from 2 July 1977 to 31 Decosber 1980. The work was accomplished under 
the Technical Direction of Mr. Gordon Sksith^ Project Manager, National 
Aeronautics and Space Administration, Lewis Research Center, Cleveland, Ohio. 

Mr. A1 Wilson of the General Electric Company was the Program Manager 
and Mr. Guy C. Murphy was the Technical Project Manager and author of this 
report . 

Principle contributors to the General Electric activities described in 
this report were: Mr. C.T. Sal«&Bie, Design and Impact Test & Coordinator; 

Mr. J. Jones, Specimen Fabrication; Mr. Glen Huber, Cincinnati Testing Labora- 
tories, Itechanical Properties Testing and Sepcimen Conditioning; and 
Mr. G.J. Roth and R. Bertke, University of Dayton, Ballistic Impact Testing. 
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I.O SUMMARY 


The work presented in this report presents the results of a forty-two 
month program aimed at determining the environmental effects on the foreign 
object damage (FOD) resistance of composite fan blades. 

The basic objectives of the program were to determine the combined 
effects of moisture, temperature, and temperature transients on the impact 
resistance of various composite fan blade material/construction concepts. 

The program was basically divided into four technical tasks. 


Task I - Evaluation and Characterization of Constituent Materials 

The effect of moisture and temperature was evalua.ed on the mechanical 
properties of typical basic constituent fan blade materials. The materials 
evaluated included combinations of two epoxy matrices, PR288 and SP313; one 
polyimide resin system, NR150A2 and two fiber reinforcements, T300 graphite 
fiber and 1014 S-glass. Flexural and short beam shear tests, in both the 
longitudinal and transverse directions, were evaluated on unidirectional 
specimens conditioned to a fully moisture saturated and nominally "dry" state. 
Fully wet specimens were also tested with an abrupt temperature excursion to 
422 (300* f) ("wet spike"). The "dry" conditioning, which was the equiva- 

lent of long-term storage at 294 K (70* F) relative humidity, had no effect 
on the fully dry condition properties of the laminates when tested at 294 K 
(70* F) and 394 K (250* F). There was a negligible effect on the T300 by wet 
or wet spike conditioning when tested at 294 K (70* F). The S-glass laminate 
properties were, however, reduced by thirty percent. Elevated temperature 
tests illustrated the plasticizing effect of the absorbed moisture on the 
lower temperature capability matrices. PR288 laminates retained only 40 to 
50 percent of their "dry" 394 K (250* F) properties. The higher temperature 
matrices, SP313 and NR150A2, showed reduced fall-off in mechanical properties 
since the 394K (250* F) test temperature was below the resin glass transition 
temperatures (Tg). The extreme moisture resistance of the NR150A2 system was 
demonstrated absorbing only nominally 30 percent of the moisture typical of 
the two epoxy systems. The NR150A2 composite systems exhibited extremely 
high transverse flexural properties of almost double the values of the 
epoxy laminates. 


Task II - Ballistic Impact Tests 

The effects of temperature, moisture and temperature transients on the 
ballistic impact resistance of selected composite materials were evaluated 
during this task. Task I basic materials were combined to form three intra- 
plied hybrid systems PR288/T300/S, SP313/T300/S, and NR150A2/T300/S and two 
superhybrid systems using PR288/T300/S and SP313/T300/S core material with 


external laminae of titanium and boron-aluminum foils. PR288/T300 was also 
included as a uonhybridized baseline system. Eighty simulated airfoil speci- 
mens were fabricated from the various material/design configurations and after 
environmental conditioning were ballistically impacted at 25* incidence angle 
with gelatin projectiles at velocities ranging from 180 m/ sec (590 ft/sec) to 
270 m/sec (886 ft/sec). 

The superhybrid specimens exhibited superior resistance to impact damage 
at all levels of test temperatures and conditioning. The external metallic 
foils acting as moisture barriers preventing degradation of the polymeric 
composite core and foil bonding adhesives. The NR150A2 polyimide hybrid system 
exhibited superior resistance to ballistic impact damage compared to the equiv- 
alent two epoxy systems. There vas a slight indication that the "hot we " con- 
dition improved the damage tolerance of the PR288 composite systems. The 
viscoelastic effect of the moisture plasticized matrix is believed to have 
contributed to the reduced damage level. 


Task III - Leading Edge Impact Protection Systems 

One hybrid and one superhybrid system was selected from Task II and 
larger simulated airfoil specimens were fabricated and reinforced with a 
leading edge protection device prior to environmentally conditioning and 
conducting ballistic impact tests. Initially, NR150A2/T300/S was the selec- 
ted hybrid system but due to processing problems and DuPont withdrawing the 
NR150 materials from the market, the PMR15 NASA developed polyimide system 
was finally substituted. The more moisture resistant SP313/T300/S system 
was selected as the core material for the superhybrid specimens. A nickel 
plated wire mesh was selected as the leading edge protection system. 

Multiple impacts were conducted on each specimen to determine the thres- 
hold damage level for each design and environmental condition. Impact veloc- 
ities ranged from 120 m/sec (394 ft/sec) to 275 m/sec (902 ft/sec) utilizing 
a larger simulated starling size gelatin "bird". 

Premature failure of the protection device which overshadowed the test 
results, was primarily caused by moisture degradation of the adhesive used 
to bond the wire mesh to the specimens. 

Composite damage was basically combined to the exposed trailing edge 
zone of the specimens. The superhybrid design specimens exhibited superior 
impact resistance at all test temperatures and environmental conditions. 


Task IV - Simulated Blade Spin Tests 

The original plan in Task IV was to dynamically impact similar Task III 
static impact design specimens on a spin test facility. Four specimens of 
each hybrid and superhybrid design were fabricatred ;»ad prepared for spin 
impact testing in the "dry" and "wet spike" condition at 294 K (70* F) and 
394 K (250* F) respectively. The specimens were designed with an attachment 
feature for mounting to a rotating disk facility. Specimen to rig adaptor 
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bonding studies disclosed that the adhesive (Metlbond 328) was extremely 
sensitive to moisture degradation and even when the bondline was sealed 
with RTV rubber, the strength properties of the adhesive were too low to 
withstand the bond shear stresses during the spin test. The spin tests 
were finally eliminated from the program. 



. 0 INTRODUCTION 


The fan blades of a high-bypass turbofan engine constitute a high pro- 
portion of the overall engine weight because of their physical size. Com- 
posite fan blades have the potential for affording many advantages over the 
current metal counterpart, especially in the areas of cost, weight, effi- 
ciency, and maintainability. 

Over the last ten years many composite fan blade research programs have 
been conducted to provide materials development, design concepts, and analy- 
sis procedures needed for the application of composite materials to turbine 
engine fan and compressor blades. A variety of fibers, matrix materials, 
and localized reinforcement concepts have been investigated and evaluated 
with respect to impact energy absorption capacity and resistance localized 
impact damage. Effective application of the most promising of thesj mate- 
rials to turbine engine fan blades is dependent on the ability of cl.ese 
materials to maintain an adequate level of impact damage resistance during 
and after exposure to environmental conditions typical of aircraft opera- 
tions. Resin matrix properties have been shown to be degraded by certain 
moisture-temperature combination exposures. The purpose of this program was 
to establieh the sensitivity of the impact resistance characteristics of 
composite blade materials to limiting combinations of moisture, temperature 
levtl, and temperature transients. The program was divided into four tech- 
nical tasks. 


Task I - Evaluation and Characterization of Constituent Blade 
Materials 


The task involved the invertigation of the effects of moisture content, 
temperature level, and temperature transients on the longitudinal and trans- 
verse short beam and flexural strengths of specific fiber/resin basic com- 
posite laminates. Combinations of three different resin systems and two fiber 
reinforcements were studied. Specimens were tested in both the fully wet and 
nominal dry conditions. The fully wet specimens were tested with and without 
an abrupt temperature excursion to 422 K (300* F) . The materials evaluated 
included two epoxy resin matrices, PR288 and SP313, and one polyimide resin 
system, NR150/A2. The two fiber reinforcements selected for evaluation were 
the T300 graphite fiber and the 1014 S-glass. 


Task II - Ballistic Impact Tests 

The effects of temperature level, moisture, and temperature transients 
on the ballistic impact resistance of selected composite fan blade materials 
were evaluated during this task. Candidate materials based on the results 
of Task I were combined to form three hybrid and two superhybrid systems in 
addition to a baseline PR288/T300 system. Eighty simulated, nine- inch- long 
blade specimens employing a constant double wedge section of three inches 
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chord were fabricated and balliatically impst^ted. Gelatin projectiles 
were fired at relative velocities and impact angles to simulate local impact 
forces and stresses on the panels typical of bird impact. The environmentally 
conditioned specimens were tested at 219 K (-65* F) , 294 K (70* F), and 394 K 
(250* F) . Evaluation of the impact damage was carried out by nondestructive 
inspection, change in torsional stiffness, in addition to visual observations 
and high speed motion pictures of selected tests. 


Task III - Leading Edge Impact Protection Systems 

Based upon the ballistic impact test results of Task II, one hybrid and 
one superhybrid system were selected and used for the fabrication of simu- 
lated blade panels which were reinforced with leading edge protection devices. 
One specific leading edge (nickel plated wire mesh) protection system was 
selected for impact testing evaluation. The 20 simulated blade specimens, 
six inch chord and 16 inches nominal length, were moisture conditioned and 
balliatically impacted 219 K (-65* F) , 294 K (70* F) and 394 K (250* F) using 
one- inch-diameter projectiles fired at velocities of ■•1000 feet per second. 


Task IV - Simulated Blade Spin - Impact Tests 

The results of Tasks II and III were used to select material combina- 
tions and leading edge protection systems which possess the most promising 
environmental resistance and impact resistance characteristics for spin 
impact testing. One of each of the selected combinations represented a 
hybrid and superhybrid design reinforced in the leading edge area with a 
selected protection device established from Task III. The specimen design was 
similar to that used in Task III except for the attachment feature for mount- 
ing to the rotating disk assembly. A total of eight specimens, four of each 
design, were fabricated. The dynamic spin impact tests were finally elimi- 
nated due to adverse moisture effects on the adhesive used to bond the speci- 
mens to the rig adaptor shoes. 
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3.0 TASK I - EVALUATION AND CHARACTERISTICS OF CONSTITUENT MATERIALS 


The Task I portion of the program investigated the effects of moisture 
content, temperature level, and temperature transients on the longitudinal 
and transverse short beam shear and flexural strengths of specific fiber/ 
resin composite laminates. The task involved the fabrication and testing of 
three different resin systems and two different fiber combinations. The 
specimens were tested in both the fully wet and nominally dry conditions. 

The nominally dry condition corresponded to a moisture content acquired by 
prolonged exposure to 50 percent RH and 294 K (70* F) storage conditions. 

The fully wet specimens were tested with and without an abrupt temperature 
excursion to 422 K (300* P) (wet spike) immediately before being subjected to 
the test environment. 


3 . 1 MATERIAL SELECTIONS 


Three different resin systems and two different fibers were evaluated 
during Task I. The resins comprised of two epoxy and one polyimide and the 
fiber reinforcements consist of graphite and S-glass. resulting in a total 
of six combined composite systems. 


3.1.1 Resin Matrices 

PR288 was designated by NASA, based upon previous General Electric recom~ 
mendations, as one of the epoxy matrix materials to be evaluated in this task. 
An industry search was carried out to select a second epoxy resin and a poly- 
imide system for evaluation in the program. The SP313 epoxy (3M Product) was 
finally selected based upon the following criteria: 

• Improved moisture resistance compared to other available systems - 
Table I. 

• Similar composite mechanical properties to PR288 - Table II. 

• Neat resin properties similar to PR288. 

• Common prepreg source (3M's) to ensure requisite quality and capa- 
bility for producing hybrid materials required for subsequent tasks. 

The DuPont NR150/A2 was selected as the polyimide matrix based upon the 
following conclusions: 

a Processing technology was believed to be sufficiently advanced that 
quality laminates could be produced with minimum risk. 

• Potentially improved impact resistance in view of the high resin 
elongation of ^8 percent. 


6 


Table I. ^Flexural Strength Retention of SP313/T300 After 
24 Hour Water Boil Conditioning. 


Material 

System 

Flexural Strength 

MPa (ksi) 

Percent 

Strength 

Retention 


450 K 
(350* F) 

450 K (350* f) 
After 24 Hr 
Water Boil 

3M 

1682 

1407 

1241 


SP313/T300 

(244) 

(204) 

(180) 

88 

Narmco 

1710 

1455 

1020 


5208/T300 

(248) 

(211) 

(148) 

70 

Hercules 

1544 

1269 

883 


3501 /AS 

(244) 

(184) 

(128) 

69 

Fiberite 


1207 

496 


X934/AS 

1^31 

(175) 

(72) 

41 


A 

Information received from 3M Company 


Table IT SP313 Comparative Composite Laminate Data. 


Material 

System 

0* Flexural 
Strength 
MPa (ksi) 

0* SBS 
Strength 
MPa (ksi) 

Comments 

SP313/T300 




RT 

1682 (244) 

103 (15.0) 

SBS L/D Ratio 4:1 

450 K (350* F)* 

1407 (204) 

52 (7.5) 


PR288/T300 




RT 

1613 (234) 

101 (14.7) 


450 K (350* F) 

1227 (178) 

62.7 (9.1) 

SBS L/D Ratio 5:1 

PR288/AS 




RT 

1600 (232) 

109.6 (15.9) 

SBS L/D Ratio 5:1 

394 K (250* F) 

1427 (207) 

68 (9.9) 


PR288/AS(80)/S(20) 




RT 

1503 (218) 

105 (15.2) 


394 K (250* F) 

1400 (203) 

66 (9.6) 

SBS L/D Ratio 5:1 


*Note: Tested at 450 K (350* F) . 

Estimated SBS at 394 K > 69 MPa (250* F > 10 ksi) 


















• Low void contents feasible (<1 percent) which %rould yield optiaua 
mechanical composite properties. 

a Potentially high transverse strengths (DuPont data using AS fiber 
indicated 88.9 KPa (12.9 x 10^ psi). 

• NR150AG adhesives were available for metallic bonding/co**curing of 
superhybrid configurations required subsequent tasks. [Titanium 
6-4 lap shear data 34 MPa (5 ksi) at RT, 19 MPa at 533 K (2.8 ksi at 
500* F)]. 

a Ihermoplastic above Tg [561 K (500* F)]. 

a Ultrasonic bonding potential for future fan blade/platform assem- 
blies. 


3.1.2 Fiber Reinforcements 


The fibrous reinforcing materials designated by NASA for the Task I were 
Union Carbide's Thornel 300 intermediate modulus graphite and high strength 
S-glass fiber S-901 manufactured by Owens Coming. 


3. 1.2.1 Graphite Fiber 

The Thornel 300 fiber was procured for combining with all matrix materi- 
als with the standard proprietary sizing/ finishing developed by Union Carbide. 
Considerations were given to removing the "epoxy compatible" size off the 
fiber by heat cleaning before being combined with the polyimide system. Deg- 
radation of the epoxy size at the high processing temperatures of the NR150 
was the major concern. Investigations and discussions with industry repre- 
sentatives indicated that a reduction in properties is evident by heat clean- 
ing the T300 fiber rather than achieving improvements. 


3. 1.2. 2 S-Glass Fiber 

The 1014 S-glass manufactured ty Ferro Corporation was employed through- 
out the program in lieu of the designated S-901 Owens Corning fiber. The 901 
proprietary epoxy size requires refrigeration to prevent curing at room tem- 
perature and therefore, promotes difficulties in handling by the prepreggers 
during the setup time of the fiber tows and/or ends in the Impregnation 
equi{»ient. The low temperature cure of the 901 system may be unsuitable and 
incompatible with the high processing temperatures required for the NR150/A2 
polyimide system. The 1014 S-glass is treated with the AllOO finish plus an 
epoxy compatible size which is stable at room temperature and, therefore, does 
iu)t require refrigeration. The 1014 S-glass is the fiber lAiich has been used 
exclusively in all the previous PR288 fan blade hybrid composite materials. 
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3.2 MATERIAL P R OCUEEMEMT AND QUALITY ASSURAWCE 


3.2.1 Material Procurement 


All the prepreg tapes were basically procured in accordance with the 
Gener«il Electric Specification 4013163-484, Rev. A, "Unidirectional Carbon, 
Graphite, S-Glass Fiber, Preimpregnated Tape or Wide Goods." The proprietary 
PR286 and SP313 resin matrix materials were supplied by Minnesota Mining and 
Manufacturing Comnpany (3M), St. Paul, Minnesota. The NR150A2 DuPont polyi- 
mide resin prepregs were produced by the Fiberite Corporation, Winona, Minne- 
sota. 


3.2.2 Material Quality Assurance 

The six combinations of prepreg materials were subjected to establish 
Quality Control procedures which include sampling of the materials and veri- 
fication of compliance with the specification requirements including physical 
properties of the prepreg and molded panels in addition fo mechanical proper- 
ties of the molded panel from each material combination, ibe Quality Control 
Data SuBsaary for each material is shown in Tables III through VIII. 


3.3 TEST PANEL FABRICATIOM 

A series of 0* orientation test panels 30.5 cm x 30.5 cm x 2.03 mm (12 
in. x 12 in. x 0.080 in.) were molded for producing the PR288 and SP313 test 
coupons. As a result of the high molding pressures established for processing 
the NR150A2 composites (and press avai' ibility) , the test panels for this 
material were produced at a reduced sis^ of 7.6 cm x 17.8 cm (3 in. x 7 in.). 


3.3.1 Panel Molding and Curing Conditions 

3.3. 1.1 PR288 Composites 

The PR288 matrix composites were molded and cured in accordance with the 
standard developed procedures. 

a Mold at 383 K t 2 K (23H* F ± 5* F) 

• Load mold and close to contact pressure down to 10 percent off clo- 
sure shims in three minutes 

• Maintain contact pressure for 35 minutes. 

• Remove shims and commence clofure down to stops, 

a Attempt to reach closure in three minutes. 

a Apply minimum of 2068 KPs (5171 KPa maximum) [300 psi (750 psi 
maximum)] . 


Table III. Q.C. Data Suiafflary - Honogeneous Prepreg 


(specification ftOl }163-4»4 > 
Appendix B 


Prepreg Lot No. 

Prvprcf Type 

Quantity 


JiL. 


?t2»a/8-Claaa 
tt.lAA an (AO Ua) 


Hate Received _ 
Tiber latch No. 
Reain latch Ho. 




■ Term CllQU) 




Vendor 


J&tik 


J£ec^ 


Accept Reject 


A. fiber Data: 


C. 


Tenaile Str., K'a (hai), Avg. 

— 


Min. 



Tanaile ‘*'4., Gfa (nai), Avg. 

— 

— 




Ocnaity, ga/ce, Avg. 

— 

— 




fraprag Data; 



119.4 t 0.005 



fiber, ga/a^ (ft*)*, Avg. 

1»3 (17.0) 

179 (16.6) 

17.6 * 0.6 


X 

Individual Ipaciaani** 

5/6 

0/6 

2/3 


X 

Raain, ga/a* (ft*), Avg. 

to (7.4) 

7» (7.3) 

78.5 a 4.3, (7.3 

a 0.04) 

X 

Individual Spaciaant** 

6/6 

6/6 

2/3 


a 

Vole. , X Wt , , Avg. 

0.15 

0.2 

2X Max. 


a 

Individual tpaciaana** 

6/6 

6/6 

2/3 


a 

Cal Tiac, Mina. »3 K (230* f) 

60 

55 

40 Min. 


a 

flou, X 383 R (230* f) 
Viaual Diacrepanciea 






Laainate Bata; 




*Raaual . 


Roll No. (a) 


1-1 




Col Tiaa in Die, Hina. 


55 

0.203 t 0.005 

0.200 


Thickaaia, ca ( in. } 


0.203 (0.010) 

(0.080 t 0.002) 

(0.079) 

a 

flax. Icr. at RT. , MPa (kai) 

1641 (231) 

1744 (253' 

1448 (210) 

1586 (230) 

a 

m t (250* P). Wa (kal) 

1041 (152) 

1331 (lf3) 

1172 (170) 

1214 (176) 

a 

flai. Ned. at IT, CPa (aai) 

41 (7.0) 

53 (7.7) 

44.8 (6.5) 

52 (7.6) 

a 

}f4 R (250* P), era (Mi) 

52 (7.5) 

5i 1/.5) 

41.4 (6.0) 

52 (7.58) 

X 

III Itr. at IT, tVa (kai) 

101 (14.6) 

111 (17.1) 

82.7 (12.0) 

101 (14.-) 

a 

m t (250* P), NPa (kal) 

62 («.0) 

69 (10.0) 

51.7 (7.5) 

51.7 (7.5) 

a 

fiber VoImo, X 

55.1 

55.2 

60 t 2 


s 

Raain Contant, X He. 

21.0 

29.4 

Report 


X 

Voidt, X 

1.0 

0.0 

2X Haa 


X 

Danaicy, gB7cc 

1.63 

1.95 

Report 


a 

Material Oiapoaittoo 






Accent for All Uaaia _ 

Accept 

for Lie, :ad Uae 

NASA tavironMntal PraarM 

- Taafc I 

Raiacc and (a 

Return to 

Vandor 

or (b) Icrae 



Q.C. Eng. ;. C. Nurphy Bate: I/ 2A/77 

*Raaualifiad l/*.A/77. 


*ribar Ut. ■ 7.01 I IP. Cr. 
**IBb. epaci*ar-c in Ipec./Ho. 


of fiber. 

apaciaena coated. 
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Table IV 


Q.C. Data Summary - Homogeneous Prepreg 


(Spscificatioii 40ni63-4M) 
Appendix 


Praprag Lot Bo. 

636 

Date fteccived 

4/3/75 

Proprag Tppa 

P6266/T300 

Fiber Batch Ho. 

-- 

OaaatitT 

4.336 BM (to Iba) 

■cain Batch Ho. 

371 


y— dor WAfTL Spec. Accopt >«i«ct 


A. 

Pibar Data: 







Taaaila Str., Wa (kai), Avg. 

— 

— 

Nin. 




Tnaaila Nod., 17a (aai), Aag. 

— 

— 





BaaaUp, pVee, Avg. 

1.74 

1.74 



X 

B. 

Praprag Data; 







Pibar. ga/a^ (ft^)*, Avg. 

132.4 (12.3) 

129 (12.0) 

132 ± 4.3 (12.3 

t 0.4) 



ladividaal Spaciaana** 

6/6 

5/6 

2/3 




Heaia, ga/a^ (ft*), Avg. 

78.6 (7.3) 

83 (7.7) 

78.6 t 4.3 (7.3 

t 0.4) 



ladividoal Spaeiaaaa** 

6/6 

4/6 

2/3 




Bola., Z Ht., .tvg. 

O.l 

0.0 

2Z H..X. 




ladivUMl Spaeima^ 

6/6 

6/6 

2/3 




6al Tim, NUa. 363 K (230* P) 

65 

— 

a? luu. 




Plaar, Z 363 K (230* F) 

— 

— 

— 




Tiaaal Biacrapaaciaa 






C. 

Laaiaata Bata: 




*Baqual. 



Boll Ho. (a) 







Ok\ Tiaa in Dia, mao. 



0.203 t 0.005 




Thichaeaa, tm (in.) 


0.200 (0.079) 

(0.060 t 0.002) 




Flag. Str. at BT. , Wa (kai) 

1510 (219) 

1620 (235) 

1446 (210) 

1565 (227) 



366 K (290* F. Wa (kai) 

1124 (163) 

1193 (173) 

1103 (160) 

1165 (169) 



Plan. Mod. at 6T. CPa (aai) 

116.5 (16.9) 

123 (.7.6) 

117 (17.0' 

124 (18.0) 



366 6 (299* P). 6Pa (aai) 

112 (16.2) 

116.5 (!,< )) 

110 (16.0) 

120 (17.4) 



■6 Itr. at R, Ra (kai) 

106 (15.4) 

96.6 (14.3) 

96.5 (14.0) 

99 (14.3) 



366 K (230* P). MPa (kai) 

79 (11.5) 

62.7 (9.1) 

62.1 (9.0) 

63 (9.1) 



Pibar Polaa. Z 

— 

59.1 

60 t 2 




Baaia Coataat, Z Ht. 

— 

33.8 

Ha port 




Vaido, Z 

— 

0.0 

2Z Max 




Baaaitp, |a/cc 

— 

1.55 

Be port 




0. MAtPripl Pippooitioa 

AeeopC for All Beat* . Aceapt for Liaitad Ute SAAA lawiromtal Proarm - laalt 1 

■ajaet aad (a) ■atom to Tandor or (A) Scrap 


*Pibar Nt. ■ 7.06 a SP. 6c. of fibar. 

**aa. apaciaaaa in tpac./Ne. apaciaaaa taatad. 


Q.C. iBt. C.C. WurpOy Bata: 6/24/77 

^■aqnalified 6/24/77 
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Table V. Q.C. Data Summary - Homogeneous Prepreg 


Prcprei Lot Ho.. 

Preprct Type 

Quenticy 


7M 


SP3I3/S (1014) 


1^816 


A. Fiber Pete: 

Teneile Str., HP* (kii). Av|. 
Teneile Nod., GPe (ui), Avg. 
Deneity, gei/cc, Avg. 


(Specification 4013163-A84) 
Appendix B 


(A Ibe) 


HAPTL 


2.485 


Date 8aceived_ 
Fiber Batch No. 
Bciin Batch Ho. 

Spec. 


10/13/77 


Accept Beiect 


Preprey Data: 

Fiber, ga/a^ (ft^)*, Avg. 
Individual Speciaen*** 

Resin, ga/a^ (ft^), Avg. 
Individual Speciaent** 

Vols. . X He. , Avg. 

Individual Speciaens** 

Cel Tiae, Hins. 383 K (230* F) 
Flow. X 383 K (230* F) 

Visual Discrepancies 

Laalnate Data: 

Roll Ho.(s) 


189.4 (17.6) 
15/15 

77.5 (7.2) 

13/15 

0.4 


191.4 (17.786) 
4/4 

67.1 (6.238) 

0/4 

0.249 

4/4 

57(s) 


189.4 t 6.4 (17.6 t 0.6) 
2/3 

78.5 t 4.3 (7.3 ± 0.4) 
2/3 

2X Max. 

2/3 

40 Min. 


(e) 


Cel Tiae in Die, Hins. 



0.203 t 0.005 

Ihickness, c* <in.) 

0.206 (0.081) 

0.200 (0.079) 

(0.080 t 0.002) 

Flex. Str. at RT. , MPa (ksi) 

1720 (249.5) 

1792.7 (260) 

1448 (210) 

394 K (250* F), MPa (ksl) 

890 (129.1)(*>) 

1620 (235) 

1172 (170) 

Flex. Hod. at RT, GPa (asi) 

42.2 (7.13) 

56.0 (8.12) 

44.8 (6.5) 

394 K (250* F), CPa (aal) 

44.7 (6.49)^^^ 

55.0 (7.97) 

41.4 (6.0) 

SBS Str. at RT, MPa (ksi) 

120 (17.4) 

82.7 (12.0) 

82.7 (12.0) 

394 t (250* F), MPa (kal) 

51 (7.4)f*>) 

66.2 (9.6) 

51.7 (7.5) 

Fiber Volinw, X 

HR 

58.68 

60 t 2 

Resin Content, X Ht . 

MR 

25.49 

Report 

Voids, X 

HR 

1.87 

2X Max 

Density, ga/cc 

1.93 

1.96 

Report 

Material Disposition 

Acc«Dt for All UoMe 

. Accept for 

Liaited Use 

NASA Environs 


Reject 


. and ( a) Return to Vendor 


.or (b) Scrap. 


Q.C. Eng. C.C. Murphy Data: 11/30/77 

*Fibar Ut. • 7.08 x SP. Cr. of fiber. 

**Ro. speciaens in Spec. /Mo. speciaana taated. 

^*^Gelation tiae at 427 K (310* P) (net tndlcatlTS of laalnate). 

<*>^Tested at 450 E (350* P) . 

(^^^Additional Resin fila added to test panel. 
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Table VI. Q.C. Data Sununary - Homogeneous Prepreg 


(Specification &013163-484) 
Appendix 


Prcpret Lot No. 74j[ 

Prepret Type SP313/TIQQ 

Quant ity 1.816 fa (4 Iba) 


Date Received 10/5/77 

Fiber Batch Ho. 

Rctin Batch Ho. 


Vendor WPTL Spec . Accept Reiect 

A. Fiber Data: 

Tcnaile Str., MPa (kai), Avg. 

Teoaile Hod., GPa (aai). Avg. 

Denaity. gpi/cc, Avg. 1.7 

B. Prepreg Data: 


Fiber, (ft*)*, Avg. 

128.1 (11.9) 

137.2 (12.75) 

132.4 t 4.3 (12.3 t 0.4) 

X 


Individual Speciaena** 

3/3 

2/4 

2/3 

X 


Reain, ga/a* (ft*), Avg. 

99 (9.2) 

110 (10.23) 

78.6 ± 4.3 (7.3 t 0.4)<=> 

X 


Individual SpcciBeaa^ 

0/3 

0/4 

2/3 


X 

Vola., Z Wt., Avg. 


0.365 

2Z Max. 

X 


Individual Speciawna** 


4/4 

2/3 

X 


Gel Tine, Hina. 383 K (230* F) 


53 (a) 

40 Min. 

X 


Flow, Z 3£ < (230* F) 



— 

X 


Viaual Diacrepanciea 






Laalnate Data: 






Roll Ho. (a) 


3-3-1 




Gel Tine in Die, Mina. 



0.203 ± 0.005 



IhicknctVy cm (in.) 


1218 (0.086) 

(0.080 t 0 . 002 ) 


X 

Flex. Str. at RT. , MPa (kai) 

1624 (235.6) 

1641 (238) 

1448 (210) 

X 


394 K (’50* F), MPa (kai) 

1037 (150.4)<'>)i6oO (232) 

1103 (160) 

X 


Flex. Hod. at RT, GPa (aai) 

110 (16.0) 

122 (17.7) 

117 (17.0) 

X 


394 K (250* F), CPa (aal) 

106 (15.4)<>>) 

119 (17.3) 

110 (16.0) 

X 


SBS Str. at RT, MPa (kai) 

100.7 (14.6) 

67.6 (9.8) 

96.5 (14.0) 


X 

394 K (250* F), MPa (kai) 

55 (8.0)<*>) 

58.6 (8.5) 

62.1 (9.0) 


X 

Fiber Voltae, X 

57.5 

56.77 

60 ♦ 2 


X 

Reain Concent. X Ht. 

— 

35.32 

Report 

X 


Voida, Z 

— 

0.66 

2Z Max 

X 


Denaity, ga/cc 

— 

1.527 

Report 

X 


Material Diapoaition 






Accept for All Uaaae 

. Accept for 

Limited Use 

NASA Environaental Proxraa 




Reje.:c 


and (a. Return to Vendor 


or (b) Scrap 


Q.C. Eng. C.C. Murphy Date: 10/ 31/77 

*Fiber HI. • 7.08 x SP. Gr . of fiber. 

**Ho. apeciaena in Spec. /Ho. apecinena Ceated. 

(‘^Gelation tia« at All K (280* F) (nut Indicative of laalnate). 

^*>>Teated at 450 K (350* F) . 

^^^Accepted on jaaia of A50TF180-S1 Specification 100 t 11.8 (9.3 t 1.1) gaa/ei^ (ft^) 



Table VII. Q.C. Data Summary - Homogeneous Prepreg. 


(Specification 401 3l63*48i» ) 
Appendix B 


Prepreg Lot No. 

C8-054 (Fiberite) 

Date Received 

11/1/77 

Prepreg Type 

NN150A2/S (1014) 

Fiber Batch No. 

Reichold Cheaicals, Inc. - 
63 

Ouant ity 

1.816 |u (4 lbs) 

Resin Batch No. 

DuPont E14224-98 



Vendor 

H6PTL 

JBS.'Lc 

Accept 

Reieci 

Fiber Data: 






Tensile Str., MPa (ksi), Avg, 

3668 (532) 





Tensile Mod., GPa (asi), Avg. 

86.9 (12.6) 





Density, ga/cc, Avg. 

2.49 





Prepreg Data: 






Fiber, ga/a^ (ft^)*, Avg. 

178 (16.5) 

178 (16.55) 

189 ± 6.4 (17,6 ± 0.6) 


X 

Individual Specinens** 

0/3 

1/3 

2/3 


X 

Resin, ga/a^ (ft^), Avg. 

109 (10.1) 

112 (10.4) 

78.5 ± 4.3 (7.3 ± C.4) 


X 

Individual Speciaens** 

0/3 

0/3 

2/3 


X 

Vols . , Z Wt . , Avg . 

19. 9^*’ 

18.9 

2Z Max. 


X 

Individual Speciaens” 

3 


2/3 


X 

Gel Tiae, Mins. 383 K (230* F) 

1.7<^) 

— 

40 Minx 



Flow, ? 383 K (230* F) 

33.5 

— 

— 



Visual Discrepanc les 






Laminate Data: 






Roll No.(s) 


01 




Gel Time in Die, Mins. 



0.203 t 0.005 



lliickness, cm (in.) 

0.170 (0.067) 

0.208 (0.082) 

(0.080 ± 0.002; 



Flex. Str. at RT. , MPa (ksi) 

1434 ( 2 08) 

1503 (218) 

1448 (210) 

X 


394 K (250* F), MPa (k.sl) 


1296 (188) 

1172 (170) 

X 


Flex. Mod. at RT, GPa (msi) 

50 (7.25) 

53 (7.68) 

44.8 (6.5) 

X 


394 K (250* F), GPa (aai) 

— 

49 (7.12) 

41.4 (6.0) 

X 


SBS Str. St RT, MPa (ksi) 

49.0 (7.1) 

66.2 (9.6)('>5 

82.7 (12.0) 



394 K (250* F), MPa (kal) 


55 (8.0) 

51.7 (7.5) 

X 


Fiber Volcaae, Z 

S6 

54.16 

60 ± 2 



Resin Content, X Wt . 

26.2 

30. 34 

Report 

X 


Voids, Z 

11.6 

5.62 

2Z Max 



Density, gm/cc 

1.74 

1.93 

Report 

X 


Cured Ply Thickness 

0.0048 





Material Disposition 






Accept for All Usaae 

Accept for 

Limited Use 

NASA Environmental Prosr 



Reiect and (a) 

Return to Vendor 

or (b) Scran 





Q.C. 

Eng. GxC. Murphv 

Date: 11/30/77 


*Fiber Wt. • 7.08 x SP. Gr. of fiber. 

**No. xpeciaenx in Spec. /No. xpecimena texted. 

^■h/2 Hour at 589 K (600* F) . 

shear values attributable to high void content. 
^<=^At 477 K (400* F) . 
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Table VIII. Q.C. Data Summary - Homogeneous Prepreg 


(Specification 4013163*484) 
Appendix 


Preprea Lot No. C8-060 (Fiberite) 



Date Received 

lUl/77 


Prepre* Type J«13QA2/T300 



Pibar Batch No. Union Carbide 366 

-2 

Quantity 2,043 gaa (4.3 Iba) 


Reain Batch No. Dyfont 

E14224-98 




Vendor 

mm. 

ISSSu. 

Accept 

Reicct 

A. 

Fiber Date.* 







Tenaile Str., MPa (kai), Avg. 

2689 (390) 


Hin. 




Tenaile Nod., GPa (aai), Avg. 

223 (32.3) 






Denaity, ga/cc, Avg. 

1.723 

— 




B- 

Prepreg Data: 







Fiber, gm/m^ (ft^)*, Avg. 

148 (13.76) 

ISO (13.95) 

132.4 ±4.3 (12.3 ± 0.4) 


X 


Individual Speciaena** 

0/3 

0/3 

2/3 


X 


Reain, ga/ai2 (ft*), Avg. 

83 (7.3) 

81 (7.5) 

78.5 ± 4.3 (7.3 t 0.4) 

X 



Individual Speciaena^ 

3/3 

2/3 

2/3 

X 



Vola. , t Ht . , Avg.^*^ 

18.8 

16.3 

2Z Max 


X 


Individual Speciawna** 


0/3 

2/3 


X 


Cel Tine, Mina. 383 K (230* F) 

1.60>) 


40 Hin. 


X 


Flov, Z 383 K (230* F) 



— 




Viaual Diacrepanciea 






c. 

Laminate Data: 







Roll No. (a) 


01 





Gel Tine in Die, Mine. 



0.203 ± 0.005 




Thickneaa, cai (in.)^*^ 

0.200 (0.079) 

0.226 (0.089) 

(0.080 1 0.002) 


X 


Flex. Str. at RT. , MPa (kai) 

1496 (217) 

1572 (228) 

1448 ( 210) 

X 



394 K (230* F), MPa (kai) 

— 

1289 (187) 

1103 (160) 

X 



Flex. Hod. at RT, CPa (mai) 

111.2 (16.13) 

124 (18. C) 

117 (17.0) 

X 



394 K (230* F), CPa (msl) 


123 (17.9) 

no (16.0) 

X 



SBS Str. at RT, MPa (kai) 

108 (15.7) 

106 (15.4) 

96.5 (14.0) 

X 



394 K (230* F). MPa (kai) 


82 (11.9) 

62.1 (9.0) 

X 



Fiber Volume, Z 

61 

60.1 

60 ± 2 

X 



Reain Content, Z Wt . 

34.7 

35.06 

Report 

X 



Voida, Z 

0 

1.57 

2Z Max 

X 



Denaity, gm/cc 

1.62 


Report 

X 



Cured Fly Thickneaa 

0.00362 



X 


p. 

Material Diapoaition 







Accent for All Uaaae 

Accept for 

Limited Uae 

NASA Environmental Program 




Reiect and (a 

) Return to Vendor 

or (b) Scrao 




Q.C. Eng. C.C. Murphy Date: 11/30/77 

*Fiber Wt . - 7 .08 * SP. Cr . of fiber. 

**No. speciBcna in Spec. /No. apeciiwna tea ted. 

('^Eapoacd to 389 K (600* F) . 

(‘•^At 477 K (400* F) . 
f'h4 Pliea. 


15 




• Maintain pressure and temperature for gel time plus two hours. 

• Remove panel hot and postcure in oven for four hours at 408 K 
(275* F) followed by one hour at 450 K (350* F) . 

3. 3. 1.2 SP313 Composites 

The SP313 test panels were molded and cured using the 3M Company recom- 
mended procedure. 

• Insert layup in the die at 450 K (350* F). 

• Apply contact pressure for three minutes. 

• Increase molding pressure gradually tc 550 KPa (80 psi) over three 
minute period. 

• Hold for 30 minutes. 

• Oven postcure for four hours at 450 K (350* F) . 

3. 3. 1.3 NR150A2 Composites 

The initial processes used in the fabrication of the Material Quality 
Assurance test panels involved the following procedure. 

• Spray steel mold with "Frekote” 33 mold release. 

• Lay up prepreg plies in the matched die mold separated top and bot- 
tom with TeflonRelease Fabric (next to prepreg) followed by a sheet 
of "Celgard" 4510 microporous polypropylene film and then a sheet of 
dry glass fabric (181 Style) 

• Premold at 477 K (400* F) for four to five hours at a constant 14 KPa 
(2 psi) applied pressure. 

• Remove solid porous preform and layup in a Kapton^ vacuum bag 
between two sheets of dry glass fabric. A solid metai caul plate 
is placed on top within the vacuum bag. 

• Place in an oven overnight at 575 K (575* F) under vacuum. 

• Preheat matched die mold to 616 K (650* F) , insert preform, immedi- 

ately apply at least 6895 KPa (1000 psi) and hold five minutes. 

• Release pressure for thirty minutes. 

• Reapply pressure for ten minutes and allow to cool under 1375 KPa 

(200 psi) . 
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The mechanical properties generated from the Q.C. panel tests of the 
NR150A2/S(1014) , Reference Table VIII indicated low short beam shear proper- 
ties, which were mostly attributable to the high void content (5.6 percent) 
created by excess resin being expelled during the staging cycle. The process 
for molding the official test panels was modified after extensive studies to 
premolding the preform r ivm to within 5 percent over the finished panel thick- 
ness during the 477 K (400* F) four-hour staging cycle. Hie procedure was 
instituted to retain sufficient matrix prior to final press molding. Ultra- 
sonic C-scan inspection of the initial test panels indicated still unaccept- 
able high void contents. Alternative staging/cure cycles were evaluated in 
an attempt to improve panel quality without success. Entrapmenu of solvent 
and by-products of the resin cure reaction were believed to be the cause of 
the voids, but high glass transition (Tg) temperatures in the 555 K- 577 K 
(540* F-580* F) range indicated that the solvent had basically been removed. 
Microscopic examination of sectioned panels revealed multiple small areas of 
interply micro-cracking and/or delamination was the major problem. In view 
of the thermoplastic nature of the HR150 material at temperatures above the 
Tg, the panels were subjected to secondary consolidation pressure/ tempera- 
ture cycles to determine if the microdelamination could be healed by plastic 
deformation and fusion of the resin matrix. Panel GB-1 was repressed at 630 K 
(675* F) and 20.7 MPa (3,000 psi) molding pressure in the mold tool and cooled 
to 394 K (250* F) under 1379 KPa (200 psi) pressure prior to removing from the 
die. Considerable improvement in the C-scan was noted. Figure 1 shows the 
initial C-scan gray scale of the panel in the as-molded condition and the 
gray scale after repressing at 630 K (675* F) and 20.7 MPa (3,000 psi). 

The same panel was repressed for a second time at temperature/ load con- 
ditions of 672 K (750* F) and 32.4 MPa (4,700 psi) and further improvement 
was noted (Figure 2). Figure 3 shows the magnified cross section (500X) of 
a typical panel before and after repressing indicating the successful plastic 
fusion of the microcracks by the developed process. The process has been 
christened PreDoT, Pre ssure Densif ication of Thermoplastics, and patent 
application is currently pending. 

Mechanical properties of the NR150A2/T300 and NR150A2/S-glass were 
reevaluated to determine any changes resulting from the high PreDoT presc'.res 
applied to the test panels. Table IX shows the mechanical properties evalu- 
ated , comparing the initial QC test panel data with similar panels which were 
subjected to the PreDoT consolidation. Considerable improvement in the T300 
unidirectional panel composite properties was achieved. Flexural strength 
increased from 1572 MPa (228 ksi) to 2006 MPa (291 ksi) at room temperature 
and 1289 MPa (187 ksi) to 1848 MPa (268 ksi) at 394 K (250* F) . Short beam 
shear properties of the T300 also increased 10-14 percent. The S-glass/ 
NR150A2 composite properties remained basically the same as the initial QC 
test data except for short beam shear, which increased 17-22 percent due to 
the reduced void content. Based upon the results of the material PreDoT prop- 
erties, it was concluded that no significant damage had resulted to the glass 
or graphite fibers during the PreDoT processing and that the mechanical prop- 
erties and laminate quality had considerably improved. All the official test 
panels were PreDoT conditioned prior to submitting to Cincinnati Testing 
Laboratories. 
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Panel GB-1 Panel GB-1 

As Molded After "PreDoT" at 

630 K (675” F and 
20.68 MPa (3000 psi) 

Ultrasonic C-Scan Gray Scale 

Figure 1. Panel Quality Improvement by PreDoT Process (Pressure Densif ication of 
Thermoplastics) . 
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ORIGINAL PAGE IS 
OF POOR QUALITY 





Panel GB-1 

After "PreDoT” for a Second Time 
at 672 K (730" P) and 33.41 MPa (4700 psi) 

Ultrasonic C-Scax'. Gray Scale 

Figure 2. Further Panel Quality Improvement 
By PreDoT Process (Pressure Densi- 
fication of Thermoplastics), 


OfUGlHAt ^ 
OF POOR QUAimr 
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3.3.2 Quality Aisurance 


All the tnolded teat panels were subjected to ultrasonic C-scan inspec' 
cion as a quality level determination prior to machining into test specimens. 
Laboratory analysis was conducted on samples of the molded panels to ascertain 
fiber volume, resin content, density and void concents. A tabulated list of 
the physical properties of the PR288 and SP313 test panels are shown in Table 
X and the NR150A2 are listed in Table XI. 


3.4 SPECIMEN ENVIRONMENTAL CONDITIONING 


The test panels were machined to produce the longitudinal and transverse 
flexural and short beam shear test specimens prior to moisture conditioning 
and testing in accordance with ASTM D790 flexural strength/modulus and ASTM 
D2344 short beam shear test methods. 

3.4.1 Establishing Minimum Specimen Heating/Cooling Times 

A study program was conducted using PR286/T300 and PR288/S-glas8 typical 
short beam shear (SBS) and flexural specimens to determine the minimum test 
temperature soak times required to attain the test condition. It was believed 
that the usual 13-30 minute soak times would partially expel the absorbed 
moisture at the elevated temperature test conditions, thus nullifying some of 
the moisture absorption effects. 

Thermocouples were inserted into each specimen and monitored to record 
the time/ temperature rise/fall rates. The specimens were not moisture condi- 
tioned for this investigation since it is not believed to be a significant 
variable in the heating/cooling of the specimens. The specimens were heated 
or cooled in an oven or freezer to the desired temperature rather than mounted 
in the actual test fixtures and equipment. 

The times recorded to attain the test temperature are tabulated below: 


Type Specimen 

Test 

Temp. 

K (• F) 

Exposure 

Temp. 

K (• F) 

Recorded Time 
To Attain 
Test Temp 

SBS 

219 (-65) 

216 (-70) 

1 min 15 sec 


394 (250) 

397 (255) 

1 min 40 sec 

Flex 

219 (-65) 

216 (-70) 

2 min 30 sec 


394 (250) 

397 (255) 

2 min 20 sec 


Graphical plots of the heating and cooling rates are illustrated in Fig- 
ures 4 and 5. 
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Table X. Physical Properties of Molded PR288 and SP313 Test Panels. 




Molded Proper t 

ies 

Panel No. 
(Sample 
Ident. No.) 

Material 

Density 

gm/cc 

Fiber 

Vol. 

X 

Void 

Content 

X 

1086 

(5021-1) 

PR288/S 

1.99 

59.24 

-0.01 

1087 

(5021-2) 

PR288/S 

1.96 

56.14 

-0.43 

1084 

(5022-1) 

PR288/T300 

1.54 

57.4 

-0.34 

1089 

(5022-2) 

PR288/T300 

1.55 

56.4 

-0.9 

1885 

(5038-3) 

SP313/S 

1.96 

59.89 

2.87 

1886 

(5038-4) 

SP313/S 

1.97 

59.79 

2.02 

1883 

(5038-1) 

SP313/T300 

1.52 

55.37 

0.68 

1884 

(5038-2) 

SP313/T300 

1.52 

54.12 

0.14 


Fiber Orientation: (0*)i6 

Test Panel Size: 30.5 cm x 30.5 cm x 2.03 mm 

(12 in. X 12 in. x 0.080 in.) 




Table XI. Phyaical Properties of NR150A2 Teat Panels. 


Panel 

Number 

Reinforcement 

Material 

Thickneaa 
cm ( in . ) 

Denaity 

gm/cc 

Fiber 

Volume 

X 

Void 

Content 

X 

GA-1 

1014 S-glaaa 

0.198 (0.078) 

2.000 

— 

— 

GA~2 

1014 S-glass 

0.215 (0.085) 

1.927 

— 

— 

GA-3 

1014 S-glaaa 

0,221 (0.087) 

1.897 

— 

— 

GA-A 

1014 S-glaas 

0.201 (0.079) 

1.962 

— 

— 

GA-5 

1014 S-glaas 

0.218 (0.086) 

1.964 

— 

— 

GB-1 

1014 S-glaas 

0.183 (0.072) 

2.042 

— 

— 

GB-2 

1014 S-glass 

0.178 (0.070) 

2.048 

63.35 

2.33 

TA-3 

T300 

0.196 (0.077) 

1.654 

— 

— 

TA-4 

T300 

0.203 (0.080) 

1.636 

— 

— 

TA-5 

T300 

0.196 (0.077) 

1.654 

68.78 

0.83 

TA-6 

T300 

0.198 (0.078) 

1.615 

— 

— 

TA-7 

T300 

0.193 (0.076) 

1.640 

— 

— 

TB-2 

T300 

0.203 (0.080) 

1.615 

— 

— 


Fiber Orientation: 


Teat Panel Size: 


17.8 cn X 7.6 cm x 2.03 amt 
(7 irj. X 3 in. x 0.080 in.) 













Dimensional Figures on Flex Specimens 
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Flexural and Short Beam Shear Specimen Heating/Cocling Rates. 


FLEXURAL TEST SPECIMENS 
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gure 5. Specimen Heating/Cooling Rates 



3.4.2 Establishing "Dry” Specimen Conditioning Parameters 

The nominally "dry" conditioned specimens tested during the program cor- 
respond to a moisture content acquired by prolonged exposure to 50 percent 
relative humidity and 294 K (70* F). General Electric has previously deter- 
mined that 0.3 percent moisture weight gain over a period of three months is 
typical in an 0.203 cm (0.080 inch) thick unidirectional PR288/AS(80)/S(20) 
laminate (Figure 6). Due to different densities in the six composite systems 
being evaluated in the program, 0.3 percent weight of moisture is not valid 
for these systems. During the preliminary investigation, typical PR288/T300 
and PR288/S-glass test specimens were conditioned at 355 K (180* F) and 97 
percent relative humidity concurrently with control specimens of PR288/AS(80)/ 
S(20). Time versus moisture content was recorded until the control specimens 
attained 0.3 percent weight moisture content. All the specimens were ini- 
tially dried at 322 K (120* F) for sixteen hours to expel any surface moisture 
absorbed since the panels were fabricated, before moisture conditioning at 
355 K (180* F)/97 percent relative humidity. 

The total time required to achieve 0.3 percent weight gain in the various 
control specimens was: 


Specimen Type 

Short Beam Shear 
Flexural Specimens 


Conditioning Time 
355 K (180* F)/97% RH 

4.0 Hours 
70.5 Hours 


The weight percentage gained for each specimen is tabulated in Table XII. 


3.4.3 Moisture Changes During Specimen Heating/Cooling 

Nominally "dry" specimens were placed in a cryogenic chamber set at 
216 K (-70* F) to bring specimens to the 219 K (-65* F) test temperature. 
Specimens were weighed immediately after reaching 219 K (-65* F) and a signif- 
icant increase in weight due to increased moisture content was noted in all 
instances. The actual weight increase and percentage of increase are shown 
in Item 3 on Table XIII. Specimens were maintained at 219 K (-65* F) an 
additional 30 minutes after reaching 219 K (-65* F) and reweighed. A further 
significant weight increase was noted at that time, as shown in Item 4 of 
Table XIII. 

The additional weight was identified as frost formed from surface con- 
densation during the rapid cooling cycle. When specimens were removed from 
the 216 K (-70* F) environment and brought to 296 K (74* F) , the surface mois- 
ture was removed by blotting. 

The specimens were then heated from 296 K (74* F) to 394 K (250* F) in an 
oven set at 397 K (255* F) and weighed when the 294 K (250* F) test temperature 
was attained. Item 5 of Table XIII shows that some specimens weighed less 
than the weight shown for the fully dry condition in Item 1 of the table, 
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Figure 6. Effect of Exposure Conditions on the Moisture Content of PR288/AS(80)/S-Glass(20) 
Composites. 


Table XII. "Dry" Conditioning of Test Specimens 
Moisture V?eight Gain Percentages, 


Material/ 

Specimen 

Design 

Predried^ 1 ^ 
Weight 
(gm) 

"Dry"^2) 

Weight 

(gm) 

Percentage 
Weight Gain 
After 

Conditioning 

*AS/S 

#1 SBS (0*) 

0.4169 

0.4182 

0.31 

*AS/S 

n SBS (0°) 

0.4126 

0.4136 

0.24 

S-glass 
SBS (90*) 

0.5263 

0.5274 

0.21 

T300 

SBS (90°) 

0.4041 

0.4051 

0.25 

S“glass 
Flex (0°) 

3.7600 

3.7698 

0.26 

T300 

Flex (0“) 

3.1122 

3.1216 

0.3 


(l)predried for 16 hours at 322 K ( 120” F) 

^2)After conditioning at 355 K (180° F)/97% RH SBS 4 hours 
and Flex 70.5 hours 

*Control Specimens. 



Table XIII. Moisture Change in Nominally "Dry" Test Specimens Due to Temperature Cycling. 




• 0) 
o B 00 

<7« 5b c 

O 4 

X o ■> x 

V en u (j 
H S 




u 

o 

p 00 

O' o 

So c 

o 


cn CO 

« jS 

« H 

i? cj 

V) 

3 



• co 

V 

o « 

B 00 

O' 4 

00 c 


4 

CA 00 

" X 

P3 1 

a ^ 

CO CO 

3 



f-i 0 

01 

o o 

S oc 

M CA 

00 C 

4J CA 

CQ 

c eo VI 

« £ 

0 CA c 

if 

o 



5-S 

0 

<U 

o o 

E 00 

CA 

00 c 

cn 

4 

C PQ CA 

“ X 

O CA C 

jJ O 

o 

3c 




0) 


u 


c 


(U 


3 


cr 


00 (1) 


C CA 

4J 

'H 

c 

C 00 

c <u 

o c 

<u B 

'H »H 

B V 

iJ f-l 

•H O 

(j 

U 

'• 

« o 

^ CJ 

O.U.I 

o 

CA C 


• M 

c 

0) 0) 

C 4 

a 06 

u 

>> 

B - 

H T5 

<U 

c 

u u 

4 

V 3 


O. U 


CO 4 


h 


4 


a 


B 


0) 


H 
















CM 









CO 



O 









d 

CM 

vO 


a^ 




o 


so 

cn 

o 

CN 



o 

o 


cn 

in 

O' 

CM 


O' 


CM 

o 

cn 

sO 




o 


o 

O O' 



<n 




. 





o <s 

• 

• 


• 

o 

■ 

o 

• 

o 

t 

o 

. . 


cn 

o 

cn 

+ 


+ 

cn 

+ 


+ 

o o 

o 

00 


n- 




00 

00 




O 

ON 

so 

cn 


00 

in 


■o- 

o 


O' 

vO 

vC 

CM 

p^ 

cn 

00 


sO 

o 

^o 

o 

O vO 



. 






. 

p*^ 

o 

O cs 

• 

« 

O 

• 

o 

• 

o 

• 

o 

• 

. 

. . 

cn 

cn 

+ 

cn 

+ 

cn 

+ 

rn 

+ 

CO 

o 

o o 






in 




CM 


CT\ 


m 

lA 

sO 



'4- 

cn 

m 

cn 

CM 


o 

O 

CM 

o 

in 

o 

00 

o 

CM 

O 

CM 

O p' 






Mf 

- 





o sr 



O 

. 

o 

• 

o 

• 

o 

• 

O 

. . 

d 

o 

+ 

o 

+ 

o 

+ 

o 

1 

o 

1 

o o 

m 



VJO 


ON 


00 

vC 

OS 


in 

njD 



00 

<1- 

(T\ 

00 

m 

O' 

m 

c*^ 


CM 

CM 

CM 

CM 

<1- 

CM 

sD 

c • 

o 

CM 

o 

O 00 

m 

in 


m 

. 

in 

. 

m 

. 

m 

. 

O CM 

• 

• 

o 

« 

o 

• 

o 

• 

c 

• 

o 

• • 

o 

o 

+ 

o 

+ 

o 

+ 

o 

1 

o 

1 

o o 

\0 

00 


00 


00 


m 


cn 


CO 

CM 

cn 

vf 

Mf 

cn 

m 

00 

CM 

CM 

CM 





cs 


m 




o 


o 

o 



. 




. 



sr 

. 

o cn 



o 

• 

O 

« 

o 

• 


• 

o 

• • 

o 

d 

+ 

o 

+ 

o 

+ 

o 

cp 

o 

1 

o o 


CM 


00 


in 


CM 


CM 


o 

vO 

00 


00 

so 

On 

cs 

P^ 







m 




sO 


o 


O 

O <f 




>a- 



• 

•tf 

. 

<r 

. 

O CM 



o 

. 

o 

• 

o 

. 

o 

• 

o 

• • 

o 

d 


o 

+ 

o 

+ 

O 

+ 

o 

+ 

o o 


X 

00 

(y 

w 

>. 

Wi (U 
Q C 

•rt 

>« <-< 
^ 9J 
.-I W 
3 (d 
(K ea 


<— I tS CO 


30 


Moisture loss or gain was computed from the established dry weight. 

Nominally "Dry" specimens were attained by conditioning specimens at 97% RH and 355 K (180° F) . 
Specimens weighed immediately after removal from 219 K (-65° F) conditioning chamber. Weight 
increase due to moisture condensation. 

Percentage of loss in Item 7 is based on nominally "dry" condition in Item 2. 


















indicating that the 16 hours at 322 K (120* F) was not sufficient to totally 
remove the original moisture. Specimens were maintained at 394 K (230* F) for 
a total time of 30 minutes and reweighed with no significant weight change, 
as shown in Item 6 of the table. Item 7 on the table shows that the 394 K 
(250* F) tempierature caused an average loss of 0.31 percent moisture from the 
nominally dry condition listed in Item 1 of Table XIII. 

The specimens were further conditioned at 333 K (180* F)/97% RH to attain 
a higher moisture level (semi-wet) to evaluate moisture losses during heat 
cycling at these higher saturation levels. Semi-wet specimens were weighed 
to determine the weight percentage of moisture content after being removed 
from the humidity chamber. After weighing, the specimens were heated from 
296 K (74* F) to 394 K (250* F) in an oven set at 397 K (255* F) and reweighed. 
The weight loss and percentage of weight change from the semi-wet condition 
in Item 2 of Table XIV is shown in Item 4 of the table and averages 0.20 
percent for all specimens combined. 

Specimens were further reconditioned to a similar semi-wet condition 
after exposure at 394 K (250* F) , and Item 5, Table XIV shows the weight per- 
centage moisture level after further reconditioning. The specimens were then 
subjected to the 422 K (300* F) [simulated wet spike condition] and reweighed 
at 422 K (300* F) to determine the moisture content compared to the fully dry 
condition shown in Item 1, Table XIV. After cooling from 422 K (300* F) to 
296K (74* F), it was noted that the specimens gained weight. The weight 
increase in the cooling cycle indicated by the difference in Items 6 and 7, 
is tabulated in Item 8, Table XIV. Reabsorption of moisture in the cooling 
cycle is an average of 0.1 percent for all specimens combined. 


3.4.4 Environmental Conditioning Procedure 

Based upon the foregoing studies, the following procedures were estab- 
lished for conditioning and testing the specimens in accordance with the test 
matrix shown in Table XV. 

a "Dry" Conditioning/Testing 

Dry all specimens for 16 hours at 394 K (250* F) . 

- Immediately weigh specimen (datum weight). 

- Condition specimens at 355 K (180* F)/97% RH until control speci- 
men [PR288/AS(80)/S(20)1 achieves 0.5% moisture weight gain. 

• Room Temperature Tests 

- Allow specimens to cool to room temperature. 

Reweigh specimen. 
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Table XIV. Moisture Change in Semi— Wet Specimens Due to Temperature Cycling. 
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Moisture? loss or Rain was computed from the established drv weifiht. 

Semi-wet specimens were attained by conditioning specimens al 977. RH and IS') K (180“ I ). 

Specimens were reconditioned to semi-wet condition prior to 422 K (300“ F) wut spike due to mol.sture lost 
heating to 394 K (250° F) . 

Moisture was reabsorbed from atmosphere while cooling to the 296 K (74° F) after 422 K (300* F) wet spike. 




T300 - T300 Graphite 
S-glass S1014 




































































Allow to stand at room temperature or force dry at 339 K 
(150* F) until the moisture level in the control specimen 
drops to 0.3%. 

Record weight percentage. 

- Test Specimen. 

Immediately reweigh specimen. 

• 394 K (250* F) Temperature Tests 

Allow specimen to cool to room temperature. 

Weigh specimen. 

Soak at test temperature in fixture for 15 minutes - SBS and 
Flex specimens. 

Test specimen. 

Immediately reweigh specimen. 

• 219 K (-65* F) Temperature Tests 

Allow specimen to cool to room temperature. 

Weigh specimen. 

Soak at test temperature in fixture for 15 minutes - SBS and 
Flex specimens. 

Test specimen. 

Immediately reweigh specimen (blot away condensation on 
specimen) . 


3.4.5 Moisture .*.bsorption Rates 

Control specimens of each material and specimen design were monitored 
during conditioning in the humidity cabinet to determine "full moisture 
saturation." Figures 7 through 10 show the moisture wei<^ht gain percentage 
against time plots for each specimen/material combination. The reduced mois- 
ture absorption of the more "moisture resistant" SP313 system is evident from 
the curves idaen compared to the PR288 composites. The exceptional "moisture 
resistance" of the NR150 resin compared to the epoxy systems can also be 
seen. It can also be noted that the moisture is absorbed at a faster rate in 
the transverse (90*) fiber predominant NR150A2 specimens indicating wicking 
at the matrix/ fiber interface and the need for more compatible fiber finishes/ 
sizes to achieve more intimate adhesion. 
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Figure 7. Moisture Absorption Rate S-Glass Flexural Specimens, 



LEGEND 
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TIME - DAYS 

Figure 8. Moisture Absorption Rate S-Glass Short Beam Shear Specimens. 








PR288/T300 
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10, Moisture Absorption Rate T30C Short Bean Shear Specimens. 




3.5 HECHANICAL PROPERTIES TESTING 


3.5.1 Flexural Strength Tests 

Flexural strength tests on the "dry," fully saturated and wet spike 
specimens wth 0* and 90* fiber orientation were conducted in accordance 
with ASTMD790 using the three point loading method for the 0* orientation 
and the four point loading procedure for the 90* specimens. 


3.5.2 S hort Beam Shear Tests (SBS) 

Short beam shear strength tests on the 0* and 90* orientation specimens 
were conducted in accordance with ASTMD2344. 

The span (L) to depth (D) ratio test parameters for the 90* (transverse) 
short beam shear test specimens was evaluated in an attempt to produce a true 
shear failure in the specimens. Typical SBS specimens were manufactured 
using PR288/T300 and PR288/S-glass materials and tested at room temperature 
with L/D ratios of 5:1, 4:1, 3:1, and 2:1. All the specimens fractured 
cleanly, visually indicating a tensile type matrix failure mode opposite the 
point of center load application, there was no poc«itive indication of any 
shear t3^e failure at the median section of the specimen. Figure 11 depicts 
the span/depth ratio effect on SBS properties. Since the properties varied 
proportionally with the L/D ratio, a 2:1 relationship was chosen for the 90* 
(transverse) specimens tests to yield maximum initial values and thereby be 
able to determine more accurately che effects of moisture absorption. A 5:1 
L/D ratio was selected for all the 0* (longitudinal) SBS specimen tests. 


3.5.3 Results of Mechanical Properties Testing 
3.5.3.] "Dry" Conditioned Tests 

All the machined specimens were conditioned at 394 K (250* F) for 16 
hours to remove any moisture which might have been absorbed since the panels 
were molded and the datum weights recorded. The specimens were then condi- 
tioned at 355 K (180* F)/97X RH in an environmental chamber until control 
specimens of PR288/AS(80)/S(20) material had achieved 0.5 percent moisture 
weight gain. The 0.5 percent weight gain parameter was established based 
upon the previous work conducted on PR288/AS(80)/S(20) vdiere it had been 
determined that 0.3J! moisture was absorbed over a period of three months at 
ambient 50 percent RH and 294 K (70* F) conditions and therefore, fulfilled 
the nominally "dry" requirement. An additional 0.2% was allowed for mois- 
ture loss from specimen edges during elevated temperature tests as determined 
from the preliminary studies which were reported in Paragraph 3.4.2. The 
room temperature and the 294 K (-65* F) test specimens were partially dried 
to remove the excess 0.2 percent moisture from the external surfaces and 
achieve a more uniform moisture gradient across each specimen. 
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SHORT BEAM SHEAR MPa {psi 


41.4 

( 6 . 0 ) 



1 2 3 4 5 

Span to Depth Ratio L/d 


Figure 11. Span/Depth Ratio Effect on Short Beam Shear Stress at Tensile Failure. 
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« 90* transverse short beam shear specimens. 

Allowed to stand at room temperature until PR288/AS/S control 
specimen dropped to a 0.3 percent weight gain. 

• 0* unidirectional short beam shear specimens. 

Subjected to 20 hours at 339 K (150* P) after conditioning until 
control specimen reach 0.3 percent weight gain. 

• 90* transverse flexural specimens. 

Dried for 26 hours at 339 K (150* F) until control specimen reached 
0.3 percent weight gain. 

a 0* unidirectional flexural specimens. 

Dried for 16 hours at 339 K (150* F) and further 3.5 hours at 322 K 
(120* F) until control specimen achieved 0.3 percent weight gain. 

The specimen conditioning times established for each specimen design to 
achieve the 0.5Z moisture weight gain are tabulated in Table XVI. 


Table XVI. Specimen Moisture Conditioning Times. 


Specimen Design 

Conditioning Time 
at 355 K (180* F)/972 RH 

Flexural 0* 

19.5 Hours 

Flexural 90* 

19.5 Hours 

Short Beam Shear 0* 

23.5 Hours 

Short Beam Shear 90* 

6.0 Hours 


The weight of each individual specimen was recorded: (1) after drying, 

(2) after preconditioning to 0.5 percent weight at 355 K (180* F)/97Z RH, (3) 
after drying to achieve 0.3 percent weight gain in PR288/AS/S control speci- 
mens and (4) immediately after testing. The specimens were immediately tested 
upon attaining the desired moisture content in the control specimens. 

The flexural and short beam shear test results of the 'dry* conditioned 
specimens were compared against the initial room temperature and 394 K (250* F) 
Quality Control data. It was basically concluded that the 'dry' conditioning 
(-0.3 percent moisture did not affect the material properties and therefore, 
the 'dry' properties would be used as the basis for comparison of properties 
tested at all other test temperatures and specimen conditions. Ihe 'dry' 
strength data at 219 K (-65* F), 294 K (70* F) and 394 K (250* F) shotm on Tables 
XVII through XXXVI is therefore used as a baseline for calculating percentage 
strength retention against 'wet' or 'wet spike' properties. PR288/T300 and 
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-65® F) Temperature Test Data - Unidirectional 







































Table XVIII. Flexural Strength Properties, "Dry 219 K (-65“ F) Temperature Test Data - Transverse (90 
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Table XX. Short Beam Shear Properties, "Dry" 219 K (-65° F) Temperature Test Data 
Transverse (90“) . 






Table XXI. Flexural Strength Properties, "Vfet" 294 K (70° F) Temperature Test Data - Unidirectional (0 
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Table XXII. Flexural Strength Properties, "Wet" 294 K (70“ F) Temperature Test Data - Transverse (90°). 



NR150A2/S-Glass 70. 









































































































































































































































Table XXVII. Short Beam Shear Properties "Wet" 394 K (250° F) Temperature Test Data 
Unidirectional (0*). 
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Table XXVIII. Short Beam Shear Properties "Wet" 394 K (250® F) Temperature Test Data 
Transverse (90"). 
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Table XXX. Flexural Strength Properties, "Wet Spike" 294 K (70® F) Temperature Test Data 
Transverse (90 ). 
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Portion of specimen lost during test. 



Table XXXI. Flexural Strength Properties, "Wet Spike" 394 K (250° F) Temperature lest Data 
Unidirectional (0*). 
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Table XXXIV. Short Beam Shear Properties, "Wet Spike" 294K (70* F) Temperature 
Test Data - Transverse (90*). 
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PR288/S-gla88 were the only materiale evaluated at 219 K (-65* F) and in the 
'dry* condition only (Reference Tablea XVII through XX). 


3. 5. 3. 2 "Wet” Conditioned Testa 

The 'wet' or complete moisture saturation of specimens wac achieved by 
conditioning in a humidity chamber at 355 K (180* F)/972 relative humidity. 
Control specimens of each material and specimen design were monitored and 
graphically plotted to determine vdien full saturation was achieved as out- 
lined in Paragraph 3.4.4. The PR288 and SP313 epoxy matrix specimens were 
tested after >30 days exposure but the NR150A2 matrix specimens were retained 
in the humidity chamber for a period of ‘*’55 days to achieve a more stabilized 
saturation level. The 'wet' strength data generated is shown in Tables XXI 
through XXVIII and is compared to the equivalent 'dry' mechanical properties 
for the purpose of the strength retention percentage calculation. 


3. 5. 3. 3 "Wet Spike" Conditioned Tests 

The 'wet spike' conditioning was achieved by fully saturating the speci- 
mens as described in "Wet Conditioning" and then subjecting the specimens to 
an abrupt 422 X (300* F) temperature excursion immediately before carrying out 
the appropriate mechanical properties test. Based upon the specimen heating 
and cooling rate study described in Paragraph 3.4.1. Each specimen was heated 
at 422 X (jOO* F) for a period of six minutes to achieve the requisite exposure 
of three minutes at full 422 X (300* F) temperature. 

The 'wet spike' mechanical properties generated are shown in Tables XXIX 
through XXXVI and again are compared directly against the 'dry' data to estab- 
lish percentage strength retentions. 


3.6 TASX I DATA ANALYSIS 


An analysis of the effects of moisture content, temperature level and 
temperature transients on the longitudinal and transverse short beam t'hear 
and flexural strength of six basic fiber/matrix composite laminates was con- 
ducted. Percent strength retention for each of the six materials tested 
at 219 X (-65* F) , 294 K (70* F) , and 394 X (250* F) and conditioned to the 
"dry," "vet," and "wet spike" state are tabulated in Tables XXXVI and XXXVIII. 
The percentage strength retention is based upon the particular property value 
of the "dry" specimen at the appropriate test temperature. In order to show 
the overall effects of temperature and environmental conditioning, the data 
are presented in bar graph form in Figures 12 through 15. 

The general conclusions from the analysis of the Task I - Materials 
characterization study were: 


NR150A2 polyimide matrix demonstrated considerably improved moisture 
resistance over the two selected epoxy systems, PR288 and SP313. 
Nominally 75 percent less moisture was absorbed by the NR150A2/T300 
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Figure 12. Moisture/Teinperature Effects on Longitudinal 
Short Beam Shear Properties. 
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Figure 13. Moisture/Temperature Effects on Transverse Short Beam 
Shear Properties. 
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Figure 15. Moisture/Temperature Effects on Transverse Flexural Properties 
























































than the PR288/T300 and 60 percent less than the SP313/T300 system. 
(Reference Figures 3-7 through 3-10). 

Moisture was absorbed initially at a faster rate in the transverse 
(90*) fiber predominant NR150A2 specimens indicating wicking at the 
matrix/fiber interface and the need for more compatible fiber 
finishes/sizes to achieve more intimate adhesion. 

• "Dry" conditioning equivalent of three months storage at 294 K 
(70* F)/50Z RH had no adverse effects on short beam shear or flex- 
ural properties when tested at 294 K (70* F) and 394 K (250* F). 

• Short Beam Shear and Flexurel properties of the "dry" PR288 matrix 
materials increased some 30 percent idien tested at 219 K (-65* F) 
due to the higher tensile properties of the resin at the lower tem- 
perature. 

• Wet and wet spike conditioned T300 specimens indicate negligible 
effect on dry properties caused by moisture when tested at room 
temp>erature. S-glass composites, however, indicate 30 percent 
reduction in the 294 K (70* F) properties. 

• Elevated temperature tests 394 K (250* F) illustrate the moisture 
plasticizing effect on the resin matrices. The PR288, which is 
nominally a 394 K (250* F) capability system is more severely 
affected by moisture saturation, retaining only 40-50 percent of 
its "dry" elevated temperature (0*) orientation short beam shear 
and flexural properties. The transverse (90*) which are matrix 
controlled retain only 25-35 percent. The higher temperature 
capability systems, SP313 (450 K [350* F]) and KR150A2 (533 K [500* 
F]) show reduced falloff in 0* orientation mechanical properties at 
394 K (250* F) since the test temperature is below the glass tran- 
sition temperature (Tg) of the resins. Similar reduction in prop- 
erties to the PR288 would be anticipated with the SP313 when tested 
at 450 K (350* F) cr NR150A2 at 53^ K (500* F) . 

The NR150A2 composite systems exhibit extremely high transverse 
(90*) flexural strength properties compared to the PR288 and SP313 
epoxy systems [82.7 MPa (12 ksi) versus 41.4 MPa (6 ksi) at room 
temperature] . An even greater differential exists at 394 K (250* F) 
on the wet and wet spike conditioned specimens when a 55-62 MPa 
(8-9 ksi) 0* orientation transverse flexural value is maintained 
with the NR150A2/T300 compared to the 10-17 MPa (1.5-2. 5 ksi) for 
the epoxy systems. High transverse flexural properties translated 
into flatwise tensile properties (through the thickness) in accord- 
ance with C Chamis* (NASA-Lewis) theory (flatwise tensile * 60 per- 
cent transverse flexural) should yield 55 MPa (8 ksi) at ro<xa tem- 
perature or a 2:1 improvement over the PR288 system. The potential 
improvement in the NR150A2 flatwise tensile characteristics compared 
to PR288 reflected in improved impact capabilities for the system 
in the Task II ballistic impact tests. 
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4.0 TASK II - BALLISTIC IMPACT TESTS 


The effects of temperature level, moisture, and temperature transients 
on the ballistic impact resistance of selected composite materials were 
evaluated during this task. Candidate materials based on the results of 
Task I were combined to form three hybrid and two superhybrid systems in 
addition to a baseline PR288/T300 system. A "superhybrid" composite mate- 
rial concept was identified by NASA a few years ago (NASA TND-7879) and 
NASA TMX-71836) and consists of a variety of structural reinforcements 
combined into a single material structure with each contributing its unique 
features. The typical supeihybrid composite combines the strength of weight 
features of the polymeric materials. The high stiffness characteristics of 
boron-aluminum and the local toughness of titanium. The three materials are 
combined in a unique arrangement using adhesives to bond the metallic foils 
to each other and to the polymeric composite structural core. Eighty simu- 
lated, nine-inch- long blade specimens employing a constant double wedge sec- 
tion cf four inches chord were fabricated and bal listical ly impacted. 

Figure 16 shows typical hybrid and superhybrid specimens fabricated for Task 
III tests. Gelatin projectiles were fired at relative velocities and impact 
angles to simulate local impact forces and stresses on the panels typical of 
bird impacts. The environmentally conditioned specimens were tested at 219 K 
(-65* F) , 294 K (70* F) , and 394 K (250* F) . Evaluation of the impact damage 
was carried out by nondestructive inspection (NDE), change in torsional stiff 
ness, in addition to visual observations and high speed motion pictures of 
selected tests. 


4.1 Material Selection 


The materials used in Task II were essentially defined by NASA except 
for the mixture ratio of T300 and S-glass in the hybrid composites and the 
selection of the composite materials to be employed in the two superhybrids. 


4.1.1 Glass/Graphite Fiber Ratio 

General Electric hybridizing studies in the 1970-71 time period identi- 
fied that an 80:20 ratio of graphite/S-glass intraplied hybrid achieved the 
desired improved impact characteristics of basic graphite composites with 
the minimum penalty on density, modulus, shear and flexural properties. 

Figure 17 illustrates the effect of graphite to glass fiber ratio on Charpy 
impact characteristics. Tables XXXIX and XL summarize some of the data 
generated at General Electric during hybrid composition evaluations. Numerous 
blades and FOD test panels have been fabricated using the 80:20 ratio of 
graphite/S-Glass intgraplied fiber reinforcement and have been subjected to 
high velocity ballistic impact tests on whirligig and static impact facili- 
ties to confirm the effective impact resistance of this type of construction. 
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Figure i6. 



Typical Task II Hybrid and Superhybrid Specimens. 


orig: r"3E is 

OF PC> : QUALITY 


71 



Charpy Impact Strent 



Figure 17, Eift ct of Primary /Secondary Fiber Ratio on Charpy Impact Strength 
of 5 elected Hybrid Systems. 
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Table XXXIX. Hybrid Composite Mechanical Property Data 
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Table XL. Room Temperature Mechanical Property Test 

Results for Various PR288 Composite System. 



















<N 

/«-S 

4^ 







4-N 

44— S 

4T\ 



/r> 


fS 

1 

<0 

C» 





CT\ 


■4^ 

rH 

«4 

44r,k 


4 


.c 

• 

cn 

o- 

vO 

sO 

* 

CN 

• 

• 

• 

CN 

o 

• 



<N 

t 

r 

• 

• 

cn 

• 

vO 

4 

Cn. 

• 

• 

rH 


o 

1 


•4- 

iT\ 

*4- 

vO 

rH 


rH 


fH 

o\ 

o^ 

CM 

(0 


u 

V V 




N— / 


Nr/ 

N^ 

N.H 

N^ 

Sr/ 

Sr/ 

Nr/ 

6 

oi 

b 

4- 

00 

o 

CN 

<?v 

00 

00 

CN 

rH 

^o 

lA 

CM 

O 

CM 


• 

• 

* 

• 

• 

• 

• 

• 

• 

• 

• 

• 

« 



<-> 


m 

00 

vO 

00 

00 

o 

CN 

o^ 

e»> 

CN 

CM 

o> 


o 







rH 


CN 

rH 

CN 

rH 

rH 

CN 

































• 
















c 

CN 
















1 

•H 


^s, 




r-N 


4rx 

4Tv 


4<r\ 

4*— S 

/*s 

H 

CO 

<N 

o 


r% 

'O 

CN 

o 

a^ 

-4 

rH 

00 

v£) 

o 


o 

M 

♦ 



« 

• 

• 

• 

• 


• 


• 

• 

• 




•4- 

m 

n 

CO 

^H 

CN 

^H 

CO 

>4 


^H 

CN 


CN 

CO 


S..*' 


w* 

'W' 


S-4* 

N^ 

w 

Sr” 

Nr/ 

Sr/ 

N./ 

eg 

CN 

& 

00 

00 


vO 

UO 

00 


CO 

CO 

00 

CN 

rH 

4 



X 


CN 

CN 

CN 

CN 


rH 

rH 

CN 

CN 

^H 


rH 

b 

o 















































P6 

m 
















rn 















CO 

1 

•H 

4»^ 

4«-S 




r-N 

4T-N 

r**s 

4*^ 

4— N 

4*^ 

//s. 

/-S 



0) 

vO 

00 

CN 

OO 

r«H 


^H 

UO 

o 

4 


o 

sD 

V} 

o 


• 

• 

• 

• 

• 

♦ 

• 

• 

• 

• 


• 

• 

tr> 



CN 

m 



CO 

rH 

CO 

CN 

•4" 

CO 

CN 


CM 

cn 


<0 

'W' 



W 

S.p' 

Sr*' 

Nr/ 

Sr/ 

w 

Sr/ 

Sr/ 

Sr/ 

Nm/ 


fn 

00 

00 


CN 

CN 

'4> 

CN 

^H 


00 

CO 


O 

00 

« 


X 

rH 

CM 

CN 

^H 

CN 

^H 

CN 

^H 

CN 

CN 

rH 


rH 

o 

o 















o> 




































4*-^ 

4»l^ 

4--N 

4*— \ 




44-S 





• 

.O 



cs 

CN 

o 

o 

4-^ 

4*^ 


CO 

o^ 

4^S 


4**”>4 

pS 

1 


ON 

» 

• 

• 

• 

Mf 

>4 

CM 

• 

• 

CO 

O 

00 

H 


CO 

• 

m 

o 

CN 

CO 

* 

* 

• 

en 

CN 

• 

• 

• 

CO 

o 


<£> 




rH 

vO 

o> 

'£> 

rH 

rH 







*w 

'W' 



'w' 

>*4* 

Nr** 

Sr^ 

Nr/ 

Nr/ 

N./ 


Sr” 

VI 

in 

eg 

00 



cn 

o 


m 

CO 

CM 

CT> 

O 

00 

4 

to 

CO 



o^ 

C3> 

oo 

o< 

vO 

■4 

Oi 

00 

u-> 

4 

in 

tn 


s; 















o 


























44-N 

4TS 




pi 




Cci 

rH 

44-S 

4*—S 


4— S 


00 

rN. 

/-S 

4*-N 


H 


CO 


• 

• 

cn 

o 


uo 

4*r», 

« 

• 

c^ 

o 

/TS 

CO 


r«.4 


m 

• 

• 

o 

• 

00 

4 

4 

• 


<T> 


o 


• 



-4 

cn 

• 

CN 

• 

rH 

rH 

o 

rH 

• 

V3 



CO 


W 

rH 

rH 

<T> 

rH 

vO 

Sr/ 

Sr/ 

rH 


00 

(O 



o 

-a- 



SkT' 

Nr/ 

S^ 

CN 

rH 

Sr/ 

Nr/ 

NrX 

Vi 


£ 

s 


o 

a> 


CN 

vO 

r>* 

O 

o 

UO 

vO 

rH 





rH 

o\ 

\o 

00 

4 

rH 

rH 

rs 

rs. 

vC 
















(0 













to 



CO 













(0 


eg 

eg 











CO 

CO 

CO 


rH 

rH 









w 

u 

Vi 

CO 

rH 


> 

00 









eg 

eg 

eg 

eg 

oo 


V 

1 









rH 

rH 

rH 

»H 

1 



Vi 


eg 

B 






> 

> 

00 

00 

CO 






cu 




c 



a; 

1 

1 


CO 

CO 

Vi 


ki 

4-» 



o 

0 




V) 

Vi 

o 

< 

< 

< 


a; 

0) 



o 

u 

CO 





o 





U 

;»% 

!=» 

C^ 

PO 

0 

►J 

s 

to 


Vi 

CO 

& 


to 


3 

CO 


<. 

H 

to 

< 

< 

< 

< 

< 

Eh 

< 

< 

< 


£ 



' •*. 















oc. 

oo 

00 

00 

00 

00 

oo 

00 

00 

00 

00 

00 

00 




00 

00 

00 

00 

00 

00 

oo 

00 

00 

00 

00 

00 

oo 




(N 

es 

CM 

CM 

CN 

CN 

CN 

CM 

CM 

CM 

CN 

CN 

CM 




06 

oo 

06 

06 

0^ 

X 

06 

06 

06 

06 

06 

o6 

06 




b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 


74 




Based upon the Task I, Material Characterization, results, S-glass composites 
shear and flexural properties are degraded more severely by moisture absorption 
than T300 and, therefore, it was advantageous to keep the S-glass percentage 
to a minimum in the hybrid composites. 

The hybrid materials used in Task II were based upon a 80:20 ratio of 
T300/S-glass of an intraplied construction while maintaining a total fiber 
v^rlume fraction in the molded composite of sixty percent. 


4.1.2 Superhybrid Composite Materials 

The polymeric composite materials selected for the superhybrid test speci- 
mens were: 


Superhybrid A PR288/T300(80)/S(20) 

Superhybrid B SP313/T300(80)/S(20) 

NRIS0A2 matrix as a potential candidate for superhybrid construction was elimi- 
nated for two major reasons: 

1. Difficulty in removing the solvents during cocuring processing 
in view of the impervious outer layers of titanium and boron/ 
aluminum preventing the necessary outgassing during staging. The 
core preform could have been staged separately to partially remove 
the solvents prior to the application of the outer metallic layers, 
but this would have .educed the wetability of the resin to the 
foil surfaces and thereby inhibited the bonding characteristics. 

NR150 resin primers no doubt could have been developed to improve 
the wetability, but this would have involved extensive materials 
and process development to ensure adequate adhesion. The concern 
was that at this present stage, inferior specimens could have 
been produced which may have inadvertently condemned NR150. 

2. Thermal mismatch in expansion coefficients of the metallic foils 
and the composite material was also a concern. The high proces- 
sing temperatures [589 K (600* F)] involved with the NR150 system 
would have created high thermal stresses at the titanium to 
boron/aluminum to graphite composite bonded interfaces during 
cooling down from the molding temperature to room temperature. 

These thermal stresses, coupled with the induced impact loads, 
would have jeopardized the impact resistance of this combination 
of materials, It was essential to develop curing temperatures 
for resin matrices which were slightly in excess of the operating 
conditions for a graphite or combined graphite/roetal lie component 
such that, upon raising to the operational temperature, the 
thermal stresses are negated. Alternative solvents and processing 
temi>eratures in the 422 K (300* F) region could have been developed 
for the NR150 but would have needed additional effort beyond the 
scope of this program. 
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Metallic Foils 


The boron/aluminum foils selected for the superhybrid specimen construc- 
tion were composed of 0.1^ mm (0.0056 in.) diameter boron filament and 1100 
aluminum matrix. The material was procured as a prebonded monotape 0.19 ± 
0.005 mm (0.0074 ± 0.0002 in.) thick, yielding a fiber volume fraction of 
47.5 ± 2.5 percent. The titanium foil outer skins of the superhybrid 
specimens were produced from Titanium 6A1-4V sheet stock chemically etched 
down to the appropriate thickness requirements. 


4.1.3 Adhesives 

Adhesive films were employed in the superhybrid specimens at the inter- 
faces between the titanium to boron/aluminum and the boron/ aluminum to poly- 
meric composite core. PR288/S-Glass and SP3l3/S-glass prepregs were initially 
scheduled as the selected adhesive films in view of the common curing, flow, 
and molding characteristics with the polymeric core materials. During the 
execution of the Superhybrid Blade Program, NAS3-20402, tougher, higher peel 
strength adhesives were evaluated and substituted for laminating resins plan- 
ned to be employed as the adhesive. The selected cocuring foil bonding 
adhesives for the two superhybrid systems were the AF163 with the PR288 hybrid 
core and AF147 with the SP313 hybrid material construction specimens. The 
selection of the two adhesives was based on 

• Cure compatible with composite core material. 

• Nylon carrier to control glue line thickness. 

• Drapeable film with reasonable tack properties. 

c Lap shear properties of 27 MPa (4 ksi) at room temperature. 


4.2 MATERIALS PROCUREMENT 


All the intraplied hybrid prepreg tapes were purchased in accordance with 
the General Electric Specification 401313-485, Rev B, "Unidirectional Hybrid 
Fiber Pre impregnated Tape or Wide Goods." The intraplied hybrid materials 
were based upon an 80:20 volume ratio of T300 graphite to S-Glass, maintain- 
ing a total fiber volume traction in the molded composite of 60 percent. 

The two epoxy intraplied hybrid materials, PR288/T300/S and SP313/T300/S, 
together with the baseline PR288/T300, were procured from 3M Company and 
the polyimide intraplied hybrid, NR15UA2/T300/S from Fiberite Corporation. 


4.2.1 Material Quality Assurance 
• PR288/T300 (Lot 785) 


76 



The material was accepted for specimen fabrication with some 
deviations which were outside the cpecificction limits. The 
prepreg fiber weight of 128.5 gm/m^ (0.0263 Ibs/ft^) (Ref: 
Table XLI, QC Data Summary) was lower than the 131 gm/m^ 
(0.0268 lb/ft2) specification lower limit which also reflected 
in the lower fiber volume percentage of 55.23 in the molded 
laminate compared to the minimum specification value of 58. 
Despite the lower fiber contents, the mechanical properties 
were within the specified limits. 

PR288/TG300/S (Lot 786) 


The QC Data Summary for this material shown in Table XLIl indi*- 
cated that the graphite fiber content in the prepreg was 104 gms/m^ 
(0.0212 Ibs/ft^) versus the minimum specification level of 105 
gm/m2 (0.0216 Ibs/ft^) which again affected the overall fiber 
fiber volume percentage in the molded laminate being 57.4 versus 
the minimum specification figure of 58. The material was released 
for specimen fabrication based upon acceptable mechanical proper- 
ties in the molded laminate. 

SP313/T300 /S (Lot 787) 


Table XLIII shows the QC Data Summary Sheet which indicated the 
material was out of specification in prepreg fiber weight and 
fiber volume in the molded laminate. The room temperature short 
beam shear value of 87 MPa (12.6 ksi) was outside the specification 
limit of 97 MPa (14 ksi) which, in part, was attributable to the 
1.09 percent voids in the molded QC test panel. SP313/T300 com- 
posites appeared to exhibit reduced short beam shear properties, 
indicating a reduced compatibility between the fiber and the 
resin. 

NR150A2/T300/S (Lot C8532) 


The material was accepted for specimen fabrication despite 
deviations which were outside the specification limits. The 
glass fiber content was below minimum requirements, which 
affected the overall fiber content in the prepreg. The 
physical properties of the molded QC test panel indicated a 
higher total fiber volume percentage of 64 percent due to the 
reduced panel thickness of 1.8 nm (0.074 in.) The mechanical 
properties of the panel were within specification limits 
except for short beam shear values at room temperature. Table 
XLIV shows the QC Data Summary for this batch of material. 

Boron-Aluminum Monotape 

The Boron-Aluminum prebonded monotape composed of 0.14 mn 
(0.0056 in.) diameter boron filament and 1100 aluminum matrix 
was procured from Avco Corporation to GE specification 2013155-588 


Table X'^I. Q.C. Data Summary - Homogeneoua Prepreg. 
(Specification 4013163-484) 

Append ix 


Prepreg Lot No. 785 


Date Received 7/13/78 



Prepreg Type PR288/T300 


Fiber 

Batch No. 498-2 



Quantity 2.27 kgs (5 lbs) 


Reein 

Batch No. 619TP & 

468TP 


A. Fiber Data: 

Vendor 

M6VTL 

Spec . 

Accept 

Reji 

Tensile Str . ,MPa(KSI) ,Avg. 

295(428) 

— 

Min. 

X 


Tensile Mod . ,GPa(MSl) ,Avg. 

228(33.0) 

— 


X 


Density, gms/cc,Avg. 

1.719 





B. Prepreg Data: 









136 ± 4 



Fiber, goi8/m2(ft2)*,Avg. 

127(11.8) 

128.5(11.94) 

(12.6 ± 0.4) 


X 

Individual Specimens** 

3/3 

0/3 

2/3 


X 

Re s in ,gm8/ni2 ( f 1 2 ) , Avg . 

85(7.9) 

86(7.96) 

78±4(7.3 ± 0.4) 


X 

Individual Specimens** 

0/3 

0/3 

2/3 


X 

Vols , % Wt . , Avg. 

0.6 

0.107 

IX Max. 

X 


Individual Specimens** 

3/3 

3/3 

2/3 

X 


Gel Time, Mins. (?383 K(230® 

F) 37 

47 

40 min . 

X 


Flow, X0383K (230' F) 

— 

— 

— 



Visual Discrepancies 






C. Laminate Data 






Roll No.(s) 


No. 1 




Gel Time in Die, Mins. 
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Thickness, cm (in.) 


2.0(0.080) 

0.080 ± 0.002 



Flex. Str.@RT. ,MPa(ksi) 

1607(233) 

1675(243) 

1620(235) 

X 


0394K (250* F),MPa(ksi) 

1303(189) 

1441(209) 

1172(170) 

X 


Flex. Mod.(3RT,GPa(rasi) 

110(15.9) 

115(16.67) 

103(15) 

X 


0394K (250' F),GPA(msl) 

103 (!-':. 9) 

118(17.07) 

100(14.5) 

X 


SBS Str.eRT,MP(KSl) 

110(15.9) 

112(16.19) 

97(14) 

X 


(3394K (250' F),MPa(ksi) 

67(9.17) 

73(10.53) 

59(8.5) 

X 


Fiber Volume, % 

53.6 

55.23 

60± 2 


X 

Resin Content, X Wt . 

39.5 

37.38 

Report 

X 


Voids, % 


-0.41 

IX Max 

X 


Density, gms/cc 

1.52 

1.53 

Report 

X 


Cured Thickness per ply - 

mm (mil s) . 

13mm(5 .0) 




D. Material Disposition 






Accept for All Usage 

. Accept 

for Limited Use NASA ENVIRONMENTAL PROGRAM 

Reject and (aJ 

Return to 

vendor 

..or (b) Scrap 




Q.C. Eng. G.C. Murphy Date: 7/26/78 


* Fiber Wt . - 7.08 x SP.Gr. of fiber. 

* No. specimens in Spec. /No. specimens tested. 
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Table XLII. Q.C. Data Summaxy - Homogeneous Prepreg. 

(Specification 4013163-48 ) 



Addendum 




Preorea Lot No. 786 


Date Received 7/13/78 



Preurea Tvoe PR288/T300/8 


Fiber 

Batch No. 4/13/79 



Quantity 4.34 kaa (10 Iba) 


Resin 

Batch No. 619TP 



A. Fiber Data: 

Vendor 

MAPTL 

Spt c ■ 

Accept 

Rcjec 

Batch No. 

498-2 





Tenaile Str . ,HPa(kal) ,Avg. 

2931(428) 

— 

410 Min. 

X 


Tenaile Mod . ,GPa(mal) ,Avg. 

228(33.0) 

— 

29 - 34 

X 


Oenaity, gna/cc,Avg. 

1.719 

— 

1.785 - 1.827 



B. Prepveg Data; 






Graphite ,gaa/oi2( pa/ ft2)Avg 10 1(9 .4) 

.0«(9.64) 

11014(10.210.4)* 


X 

Individ. Speciaene*** 

0/3 

0/3 

2/3 


X 

SecFiber ,rae/ni2(pa/ft2)Avg 39(3.6) 

36(3.3) 

3813(3.510.3)*** 

X 


Reain,pa/ni2(ft2),Avg. 

3/3 

3/3 

2/3 

X 


Tot. fiber wt .pa/oi2(pa/ft2) 140(13.0) 

140(13.01) 14714(13.710.4) 


X 

Individual Speciacna** 

0/3 

0/3 

2/3 

X 


Reain ,pa/n2 ( pa/ ft 2 )Avg . 

8i(7.8) 

83(7.9) 

7915(7.310.5) 

X 


Individual Speimena*** 

1/3 

1/3 

2/3 



Vole . ,X Wt . , Avg, 

0.5 

0.7 

2Z Max. 

X 


Individ. Spec Imena*** 

3/3 

3/3 

2/3 


X 

Gel Tiae, Mina. 383 K (230* 

F) 34 

20 

40 Min. 


]; 

Flow,: 383 K (230* F) 

— 

" 

3 - 7 



Viaual Diicrepencies 






C. Laminate Data: 






Roll No.(f) 






Gel Tine in Die, Mine. 


20 




Thickneaa, cm ( in.) 


0.2(0.080) 

0.080 1 0.002 

X 


Flex. Str.0RT.,MPa(kal) 

1338(223) 

1386(230) 

1345(195) 

X 


0394 K (230* F),MPa(kal) 

1310(190) 

1241(180) 

1172(170) 

X 


Flex. Mod.0RT,GPa(mal) 

101(14.6) 

108(15.6?) 

97(14.0) 

X 


0394 K(230* F),CPa(aal) 

93(13.3) 

107(15.49) 

90(13.0) 

X 


SBS Str.0RT,MPa(kal) 

108(15.7) 

107(15.59) 

97(14.0) 

X 


0394 K (230* F),MPa(kal) 

67(9.7) 

71(10.31) 

59(8.5) 

X 


Fiber Volione, X 

43.19/11.03 

45.7/11.7 

48/12(6012) 


X 

Reain Content, : Wt. 

36.86 

33.3 

Report 

X 


Voids, : 

•0.94 

-O.ll 

2Z Kcjc 

X 


Density, ps/cc 

1.61 

1.63 

Report 

X 



Cured Thicluieti per ply - ■■ (■lie). l4ea(S.O) 

D. Material Dlapogltlon: 

Accept for All Uaagc. __Beject and (a) Return to 

Vendor or (b) Available for Liaited Uac Only MASA ENVIROltffiNTAL PROGRAM 

Q.C. Eng. G .C. Murphy Date; 7/2 (7' o 


Fiber Wt. <• 7.08 x SF.Cr. of fiber. 

Mo. ipeciaena in Spec. /No. apeciaena teated. 



Table XLIII. O.C. Data Susanairy ~ Honoganeous Prepreg. 
(Specification 4013163-48) 

Addendum 


Prepreg Lot No. 787 


Date Received 7/13/78 



Prepreg Type SP3l3/T399/f; 


Fiber 

Batch No. 4/13/79 



Quantity 4.54 kst (10 lbs) 


Resin 

Batch No. 



A. 

Fiber Data: 

Vendor 

M6PTL 

■ 

Accept 

Re jec t 


Batch No. 

498-2 




Venaile Str . , I<IPa (ksl), Avg, 

2951(428) 

— 

410 Min. 

X 



Tensile Mod . ,CPa (ni8i),Avg. 

228(33.0) 

— 

29 - 34 

X 



Density, gms/cc,Avg. 

1.719 

— 

1.785 - 1.827 



B. 

£rap£ife ,gBs/m2(gnis/ft2)Avg 102(9.5) 

104(9.64) 

Il0t4(10.2t0.4)* 


X 


Individ. Spec isiens*** 



1/3 

2/3 


X 


Sec Fiber, gma/c2 (gms/ft^) 

38(3.5) 

36(3.38) 

3fa±3(3.5t0.3)** 

X 



Indiv. Specimens*** 

-- 

1/3 

2/3 


X 


Tot. fiber wt .gms/m2(gms/ft2) Avg 

140(13.02) 

14714(13. 7t0. 4) 


X 


Individual Specimens 

— 

0/3 

2/3 




Resin, gms/m2(gms/ft2)Avg. 

85(7.9) 

78(7.2) 

7915(7.310.5) 

X 



Individual Specimens*** 

— 

3/3 

2/3 




Volf . ,X Wt . , Avg, 383 K 

0.5 

0.24 

22 Max. 

X 



Indiv. Specimens*** 


3/3 

2/3 

X 



Cel Time, Mine. 383 K (230* F) — 

50 12] 

40 Min. 


X 


Flow,X 383 K (230* F) 
Visual Discrepancies 



3 - 7 



C. 

Laminate Data 







Roll No.(s) 


No. 1 





Gel Time in Die, Mins. 


50@149*C(300* F) 




Thickness, cm (in.) 

0.2(0.080) 

0.7(0.080) 

0.2 1 0.005(0.08010.002) 



Flex. Str .@RT. ,MPa(ksi) 

1634(237) 

1634(237) 

1345(195) 

X 



@394 K (250* F). MPa (ksi) 

1310(190)1 1)1496(217) 

1172(170) 

X 



Flex. Hod.@BT,GPa(msl) 

108(15.7) 

108(15.7) 

97(14.0) 

X 



@394 K (250* F), GPa (msl) 107( 15 . 5)1 1] 108(15 . 73 ) 

90(13.0) 

X 



SBS Str @RT, MPa (ksi) 

87(12.6; 

87(12.63) 

97(14.0) 


X 


@394 K (250* F) . MPa (ksi) 

49(7.1) (1] 

70(10.14) 

59(8.5) 

X 



Fiber Volume, X 

— 

45.3/11.8 

48/12 (6012) 


X 


Resin Content, X Wt . 

— 

32.84 

Report 




Voids, X 

— 

♦ 1.09 

2Z Max 

X 



Density, gms/cc 

1.58 

1.61 

Report 




Cured Thickness per ply ~ nan (mils) 

0.14 (5.0) 






0. 

14(5.0) 





D. 

Material Disposition 







Accept for All Usage 

Re i ec t 

and 

(a) Return to 




Vendor or (b) Available for Limited Use Only NASA ENVIRONMENTAL PROGRAM 




O.C. 

Eng. G.C. Murphy Dale; 

7/26/78 

* 

Graphite Wt . - 5.66 x Sp. 

Gr . of fiber 





** 

Sec. Fiber Wt . “ 1.42 x Sp. Gr. of fiber. 





No. Specimens in Spec. /No 

. Specimens 

tested 




11] 

Tested at 450 K (350* F) 






12] 

Gel at 422 K (300*P) not indicative of 

laminate 







Table XLIV. Q.C. Data Suamarv - Honogeneous Prepreg. 
CSpecification 4 o13163-4b) 

Addendiaa 


Prepres Lot No. C8S32 


Date Received 7/13/78 



Prepreg Type tBtl50A2/T300/S 


Fiber 

Batch No. 



Quencity 2.22 Knis (4.9 lbs) 


Resin 

Batch NO.E15588-59/E15588-27 


A. Fiber Data: 

Vendor 

M4PTL 

Spec. 

Accept Reject 

Batch No. 

515-2 





Tensile Str.,MPa (ksi)>Avg 

3241(470) 

— 

410 Kin. 



Tensile Mo<).,GPa (asl).Avg 

236(34.2) 

— 

29 - 34 



Density, gMs/cc,Avg. 


— 

1.785 - 1.827 



B. Prepreg Data; 






Graphite ,/«2(^a/ ft2)Avg 

109(10.08) 

108(10.03) 

110±4(10.2±0.4)* 

X 


Individ. Speciaens*** 

— 

2/4 

2/3 

X 


SecFiber ,gas/a2(gps/ £t2)Avg 

29(2.73) 

27(2.481) 

38£3(3.5i0.3)** 


X 

Indiv. Speciaens*** 

— 

2/4 

2/3 

X 


Totsfiber wt .gas/m^Cgpis/ ft2) 138(12»8L) 

140(13.02) 

147£4(13.7±0.4) 


X 

Individual Spcciaens 


1/4 

2/3 


X 

Resin ,gas/a2(^s/ £t2)Avg. 

71(6.6) 

78(7.259) 

79±5(7.3±0.5) 

X 


Individual Speciaens*** 


4/4 

2/3 

X 


Vols.,Z Wt.. Avg, 383 K 

18.5UI 

16.1 

2Z Max. 

X 


Indiv. Speciaens*** 

— 

— 

2/3 



Gel Tiae,Mins.383R(230* F) 

2 121 

— 

40 Min. 

X 


Flow.X 383 K (230* F) & 

— 

— 

3-7 



689 kPa (100 psi) 23.0 

— 

3-7 



Visual Discrepancies 






C. Laainate Data 






Roll No.(s) 






Gel Tiae in Die, Mins. 






Thickness, cm (in.) 

0.95(0.077) 

1.88(0.074) 0.2 ± 0.005(0. 080±0.002)x 


Flex. Str.#RT.,MPa (ksi) 

1207(175) 

1531(222) 

1345(195) 

X 


§394K (250’ F),MPa (ksl) 

1048(152) 

1338(194) 

1172(170) 

X 


Flex. Mod.^RT.GPa (sksl) 

100(14.5) 

117(17.0) 

97(14.0) 

X 


?394K (250* F),GPa (asi) 

103(15.0) 

119(17.3) 

90(13.0) 

X 


SBS Str.eRT.MPa (ksl) 

98(14.2) 

90(13.0) 

97(14.0) 


X 

9394K (250* F),MPa (ksl) 

70(10.1) 

69(10.0) 

59(8.5) 

X 


Fiber Volime, Z 

— 

53/11 

48/12 (60±2) 



Resin Content, Z Wt. 

31.9 

28.84 

Report 



Voids, Z 

— 

2.79 

2Z Max 


X 

Density, gms/cc 

1.7 

1.68 

Report 



Cured Thickness per ply - ibd (mils). 





0. 

14(5.0) 





D. Material Disposition 






Accept for All Usaae. 

Reject 

and 

(a) Return to 



Vendor or (b) Available for Limited Use Only NASA ENVIROIQIEMTAL PROGRAM i 



Q.C. 

Eng. G.C. Murphy Date; 7/26/78 

j * Graphite Wt. ■ 5.66 x SP.Gr. of fiber 





** Sec. Fiber Wt. ■ 1.42 x SP. GR. of fiber. 




♦** No. Specimens in Spec. /No 

. Specimens 

tested 




(1) Tested at 589 K (600“ F) 






121 Gel at 4.77 K (400* F) 
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Class B parameters for the preparation of the bonded monotape 
sheets were 789 K (960* F) at 27.57 x lO^n/m^ (4 kai) pressure. 
Permissible defect criteria and quality assurance provisions 
were controlled by GE Specification 4013155-235. The volume 
percent of boron filament was maintaining at 46 to 47 percent. 
Filament tensile strengths were of 3.4 x lO^n/m^ (500 ksi) 
determined according to GE specification 4013155-237. 


4.3 TEST SPECIMEN FABRICATION 

4.3.1 Test Specimen Geometry 

Figure 18 sho%M the specimen geometry used for Task II. This geometry 
has previously been utilixed for testing of boron/ aluminum and polymeric 
materials on NASA Program NAS3-19729. The specimens are a doubl«> wedge shape 
section with a 0.38 cm (0.13 in.) maximum thickness and 1.3 imn (0.05 in.) 
leading edge. The overall chord of 7.6 cm (3 in.) is designed to be long 
enough to allow impacts at an incidence angle of 25 degrees. 


4.3.2 Fabrication Methods 

Two basic ply/material layup designs were used for the manufacture of 
the specimens. A typical diagramatic layup design, shown in Figure 19 was 
employed for the hybrid composite* simulated airfoil specimens. Figure 20 
illustrates the basic layup pattern and interleaving of the metallic foil 
construction used for the superhybrid specimen designs. Each of the 80 pre- 
forms was preassembled in accordance with the appropriate configuration and 
the weight recorded prior to molding. 

• PR288/T300 and PR288/T300/S Specimens 

The following procedure was employed in the molding of the PR288 

composite specimens: 

• Mold heated to 383 K ± 2 K (230* F ± 50 F). 

• Load preform and slowly close mold to 10 percent off 
closure in 3 minutes. 

• Hold for 35 minutes. 

• Maintain 2068 - 51/1 kPa (300-750 psi) for 2 hours. 

• Remove part from mold and postcure 4 hours at 408 K 
(275* F) and I hour at 450 K (350* F) 

Tables XLV and XLVI list the specimens and the manufacturing data 
generated for the PR288/T300 and t'..e PR288/T300/S designs respectively. 
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Outer Surface Ply 



Basic Layup Patterns O" . 35*, 0®, -35* 

Materials: PR288/T300 

PR288/T300/S 
SP313/T300/S 
NR150A2/T300/S 



Typical Layup Pattern for llybrlil Cv>mposlte Sinmlatea 
Airfoil Specimens. 


Figure ll>. 






Table XLV. Baseline Specimens 
PR288/T300 
Fabrication Data. 


.Spec imen 
No. 

r 

Prefom 

Weight 

(grins) 

Thickness 

ran 

(inches) 

Density 
( 9 ns/ cc) 

mmm 

785-1 

87 

3.86-3.97 

(0.152-0.155) 

1.520 

77.5 

785-2 

87 

3.84-384 

(0.151-0.151) 

1.529 

76.5 

785-3 

87 

3.84-3.81 
(0. 151-0.150) 

1 529 

76.5 

785-4 

88 1 

3.86-3.78 

(0.152-0.149) 

1.525 

77.0 

785-5 

90 

3.89-3.84 

(0.153-0.151) 

1.520 

77.5 

785-6 

88 

3.84-3.86 

(0.151-0.152) 

1.541 

77.0 

785-7 

89 

3.78-3.84 

(0.149-0.151) 

1.520 

76.0 

785-8 

89 

3.78-3.84 

(0.149-0.151) 

1.524 

76.5 

785-9 

88 

3.84-3 .89 
(0.151-0.153) 

1.524 

77.0 

785-10 

89 

3.84-3.84 

(0.151-0.151) 

1.525 

77.0 

785-11 

89 

3.86-3.89 

(0.152-0.153) 

1.535 

77.5 

785-12 

89 

3.89-3.86 

(0.153-0.152) 

1.535 

77.5 

785-13 

88 

3.84-3.86 

(0.151-0.152) 

1.525 

77.0 


785-14 


88 


3.89-3.84 

(0.153-0.151) 


1.540 


77.0 









Table XL VI. Hybrid 

PR288/T300/S Specioenii 
Fabrication Data. 


Spec inen 
No. 

Preform 

Weight 

(grms) 

Thickness 

an 

(inches) 

Density 

(gms/cc) 

1 

Final 
We ight 
(grms) 

786-1 

93 

3.75-2.81 
(0. 148-150) 

1.616 

80 

786-2 

93 

3.75-3.75 

(0.141-0.148) 

1.631 

80 

786-3 

93 

3.84-3.78 

(0.151-0.149) 

1.631 

80 

786-A 

93 

3.75-3,73 

(0.148-0.147) 

1.616 

80 

786-5 

93 

3.78-3.84 

(0.149-0.151) 

1.610 

80 

786-6 

93 

3.84-3.84 

(0.151-0.151) 

1.616 

80 

786-7 

93 

3.84-3.81 

(0.151-0.150) 

1.616 

80 

786-8 

93 

3.86-3.84 

(0.152-0.151) 

1.616 

80 

786-9 

93 

3.75-3.81 

(0.148-0.150) 

i 

1.595 

79 

786-10 

93 

i 

3.81-3.81 

(0.150-0.150) 

1.595 

1 

79 

786-11 

93 

3.81-3.81 

(0.150-0.150) 

1 

1.585 

79 

786-12 

93 

3.81-3.81 

(0.150-0.151) 

1.600 

80 

786-13 

93 

3.84-3.84 

(0.151-0.151) 

! 

1.631 

80 

786-14 

93 

3.75-3.73 

(0.148-0.147) 

1.595 i 

j 

1 

79 

1 










• SP313/T300/S 


The bfibic molding procedure developed for the SP313/T300/S 
composite specimens entailed: 

• Mold heated to 422 K (300* F). 

• Load preform and slowly close mold to 10 percent off 
closure. 

• Hold for 6-7 minutes. 

• Slowly close mold in 30 minutes. 

a Maintain 2068-5171 kPa (300-750 psi) for 60 minutes. 

• Remove part and postcure 4 hours at 450 K (350* F) . 
Table XLVIl shows the specimens and fabrication data. 

• NR150A2/T300/S 


Molding problems associated with specimen surface finish were 
investigated in conjunction with DuPont (resin manufacturer). 

Tg (glass transition temperature) evaluation of the specimens 
indicated that the center section of the "airfoil" specimen to 
be fully cured and solvent-free showing a Tg value of 548 K 
(528* F), yet the lead ing/ trailing edges ot the specimen had a 
low Tg value of 407 K (373* F). Insufficient resin matrix was 
deemed to be the major cause of the poor surface finish and 
high void content in the specimen. Numerous panels were fabri- 
cated varying staging conditions, die closure rates, and modi- 
fying the layup to employ a finished 0.114 ram (0.0045) in.) 
molded thickness per ply compared to the designed 0.127 mm 
(0.005 in.) to add more material uniformly throughout the pre- 
form. During the molding trials it was noted that a consider- 
able amount of solvent and resin was being emitted from the 
preform during the consolidation/molding cycle frcwi 422 K (300* F) 
staging temperature to 616 K (650* F\ especially as the die 
temperature reached the 525 K-561 K (485-550* F) range. Experi- 
ments indicated that only four percent of the initial sixteen 
percent was removed during the initial 422 K (300* F) staging. 

Ten percent was removed during the initial 616 K (650* F) press 
cure and two percent finally was removed during the "PreDot" 
final consolidation process at 672 K (750* F). Extended staging 
times were evaluated between 422 K (300* F) and 616 K (650* F) to 
allow the solvent to escape slowly from the preform without 
losing resin matrix, a free oven staging of the preform from 
room temperature rising a 1.7 K (3* F) per minute to 616 K (650* F) 
was finally developed which allowed the volatiles to freely and 
slowly escape . 
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Table XLVIl. Hybrid 

SP 313/T300/S Specimens 
Fabrication Data. 


Spec imen 
No. 

Preform 
We ight 
(grms) 

Thickness 

nan 

(inches) 

Density 

(^ns/cc) 

Final 

weight 

(gms) 

787-1 

91 

3.75-3.81 

(0.148-150) 

1.554 

78.5 

787-2 

90 

3,75-3.78 

(0.148-0.149) 

1.564 

79.0 

787-3 

90 

3.78-3.78 

(0.149-0.149) 

1.580 

79.0 

787-4 

90 

3.75-3,78 

(0.148-0.149) 

1.580 

79.0 

787-5 

91 

3.78-3.78 

(0.149-0.149) 

1.550 

78.0 

787-6 

91 

3.75-3.78 

(0.148-0.149) 

1.576 

78.0 

787-7 

90 

3.81-3.75 

(0.150-0.148) 

1.579 

78.5 

787-8 

90 

3.75-3.81 

(0.148-0.150) 

1.554 

78.5 

787-9 

90 

3.78-3.75 

(0.149-0.148) 

1.576 

78.0 

787-10 

91 

3.81-3.75 

(0.150-0.149) 

1.550 

78.0 

787-llA 

93 

3.91-3.84 

(0.154-0.151) 

1.558 

81.0 

787-12 

91 

3.78-3.81 

(0.149-0.150) 

1.576 

78.0 

787-13 

90 

3.75-3.75 
(0. ’.48-0. 148) 

1.570 

78.5 

787-14 

90 

3,78-3.78 

(0.149-0.149) 

1.550 

78.0 
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The final process developed «dtich produced satisfactory specimen is 
described below: 

e Mold heated to A22 K (300* F) . 

e Load preform and close mold to 1.65 mm (0.065 in.) off stops, 
e Hold for 2 hours. 

a Remove consolidate preform and place free in cold oven. 

a Raise oven temperature at 1.7 K (3* F) per minute to 616 K 
(650* F). 

e Preform placed back into 422 K (300* F) mold. 

e Raise mold temperature at 1.7 K (3* F) per minute to 
673 K (750* F). 

• Increase molding pressure from 345 kPa to 20,685 kPa 
(50 psi to 3,000 psi). 

a Close mold down to within 0.127 mm (0.005 in.) off closure, 
a Release pressure and vent for 30 minutes, 

a Reapply 20,685 kPa (3,000 psi) and close mold, 

a Hold for 10 minutes. 

a Cool to 394 K (250* F) and remove molding. 

Table XLVIII lists the NR150A2/T300/S specimens fabricated together 
with the pertinent manufacturing data. 

a Superhybrid PR288/T300/S Specimens 

The superhybrid specimens were fabricated employing 0.1 mm 
(0.004 in.) titanium 6A104V foil outer plies and two precon- 
solidated boron/aluminum foil outer skin plies with a PR288/ 

T300/S composite core. AF163 adhesive was utilized in the 
foil-to-foil and fc composite interfaces. The pretreat- 

ment of the metallic foils involved solvent cleaning, grit 
blast and priming the surface with XA 3950 primer solution. 

The molding procedure employed involved the following steps: 

a Mold heated to 383 K (230* F). 

a Load preform and close to 5 percent off closure in 5 minutes, 
a Hold for 15 minutes. 
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Table XLVllI. Hybrid 

HR150 A2/T300/S Specimen 
Fabrication Data. 


Spec . 
ho. 

Preform 

Weight 

(grmt) 

After 
422 K 
(300* F) 
(grms) 

After 
616 K 
(650* F) 
(grmt) 

Molded 

Weight 

(gnna) 

Thickness 

mm 

(inches) 


Final 

Weight 

(grms) 

NRl 

117 

109 

IOC 

99 

3.73-3.71 

(0.147-0.146) 

1.692 

82.0 

NR2 

116 

109 

99 

98 

3.73-3.71 

(0.147-0.146) 

1.670 

81.0 

NR3 

117 

110 

100 

99 

3.94-3.94 

(0.155-0.155) 

1.692 

88.0 

NR4 



SCRAP OVER 

STAGED IN 

OVEN 



NR5 

117 

111 

100 

99 

3.91-4.00 

(0.154-0.157) 

1.695 

89.0 

MR6 

117 

110 

99 

98 

3.91-3.86 

(0.154-0.152) 

1.692 

88.0 

NR7 

116 

110 

98 

97.5 

3.96-3.81 

(0.156-0.150) 

1.684 

87.5 

NR8 

117 

111 

99 

98.5 

3.86-3.94 

(0.152-0.155) 

1.692 

88.0 

NR9 

116 

111 

99 

98 

3.91-4.00 

(0.154-0.157) 

1.692 

88.0 

WRIO 

115 

110 

98 

97 

3.91-3.90 

(0.154-0.153) 

1.709 

88.0 

NRIl 



115 



110 

98 

97 

3.94-3.83 

(0.155-0.151) 

1.689 

87.0 
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• Slowly close nold applying 517/kPs (750 psi) msxiaum 
pressure. 

s Msintsin tetepersCure and pressure for 2 hours. 

a Reoove part and pcstcure for 4 hours at 408 K (275* F) 

and 1 hour at 450 K (350* F). 

Table XLIX lists the manuf^\cturing data associated with the PR288/T300/S 
superhybrid specinens. 

a Superhybrid Specimens SP313/T300/S 

The design of the SP313/T30C/S superhybrid specimens was identical 
with the PR288/T300/S described above with the exception that the 
metallic foils were primed with EC3917 and AF147 adhesive was 
employed in lieu of the AF163 system. 

Compatibility studies of the selected AF147 adhesive and the 
SP313/T300/S prepreg were conducted using the established SP313 
molding procedure. Titanic lap shear specimens were fabricated 
using the AF147 adhesive against the grit blasted and primed 
titanium blanks with two plies of the SP313/T300/S prepreg 
sandwiched between. Average lap shear values of 24 MPa (4.07 ksi) 
were achieved indicating suitable compatibility of the two systems. 

The molding process utilized in the fabrication of the specimens is 
briefly described below: 

a Mold heated to 422 K (300* F) . 

a load preform and slowly close mold to 10 percent off 
closure within S minutes. 

a Slowly close mold 15 minutes using 3171 kPa (750 psi) 

maximum pressi'ce. 

a Maintain temperature/pressure for 60 minutes. 

a Remove part and postcure for 4 hours at 450 K (350* F). 

Table L itemizes the specimens fabricated and the fabrication data 
records. 


4.3.3 Nondestructive C-Scan Quality Assurance 

All the specimens were inspected by ultrasonic through transmission tech- 
nique snd the resultant C-scans indicated good consolidation with minimum poros- 
ity present. An Interesting phenomenon was noted during the NDE inspection of 
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Table XLIX. Superhybrid 

PR288/T300/S Spcclssena 
Fabrication Data. 


Specimen 

No. 

Preform 

Weight 

(grmp/ 

Ihickneas 

tons 

(inch^a) 

Denaity 

(gma/cc) 

Final 

Weight 

(grma) 

PRl 

132 

3.96-3.94 

(0.156-0.155) 

2.028 

107 

PR2 

133 

3.-i-3.8l 

(0.150-0.150) 

2.020 

103 

PR3 

133 

3.S1-3.90 

(0.150-0.153) 

1.981 

103 

PR4 

132 

3.81-3.78 

(0.150-0.149) 

2.010 

102 

PR5 

132 

3.78-3.81 

(0.149-0.150) 

1.971 

102 

PR6 

132 

3.84 3.86 
(0.151-0.152) 

1.981 

103 

PR7 

133 

3.84-3.84 

(0.151-0.151) 

1.981 

103 

PR8 

133 

3.86-3.78 

(0.152-0.149) 

1.980 

101 

PR9 

133 

3.99-3.84 

(0.157-0.151) 

1.981 

102 

FR30 

132 

3.84-3.84 
(0. 151-0. m) 

1.971 

101 

PRll 

133 

3.84-3.86 

(0.155-0.152) 

1.971 

101 

PR12 

133 

3.81-3.86 

(0.150-0.152) 

1.962 

102 

PR13 

133 

3.8J-3.90 
(0.150 0.153) 

1.980 

101 

PR? 4 

132 

3.91-3.81 

(0.154-0.150) 

1.980 

101 
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Table L. Superhybrid 

SP313/T300/S Specimens 
Fabrication Data. 


Spec Imen 
No. 

Preform 
We ight 
(grms) 

Thickness 

(inches) 

I^nsity 

(gms/cc) 

Final 

Weight 

(gms) 

SP 1 

143 

4.14-4.06 

(0.163-0.160) 

2.041 

100 

SP 2 

143 

3.96-4.01 

(0.156-0.158) 

1.943 

103 

SP 3A 

143 

3.71-3.83 

(0.146-0.151) 

1.980 

101 

SP 4 

143 

3.86-3.81 

(0.152-0.150) 

1.981 

103 

SP 5 

143 

3.99-3.89 

(0.157-0.153) 

1.944 

105 

SP 6 

1 

1A3 1 

1 

3.94-3.83 

(0.155-0.151) 

j 

1.943 

103 

SP 7 

142 

3.76-3.89 

(0.148-0.153) 

1.962 

102 

SP 8 

141 

3.81-3.73 

(0.150-0.147) 

2.000 

100 

SP 9 

143 

4.01-3 81 
(0.158-0.150) 

1.943 

103 

SP 10 

142 

3.86-3.94 

(0.152-0.155) 

1.943 

103 

SP 11 

141 

3.94-3.76 

(0.155-0.148) 

1.962 

104 

SP 12 

i 

143 

3.71-3.83 

(0.146-0.151) 

2.000 

102 

SP 13 

142 

4.04-3.78 

(0.159-0.149) 

1.945 

106 


SP 14 


142 


3.71-3.86 

(0.1S4-0.150) 


1.990 


101 





the SP313/T300/S superb y* rid speciaens. The first prototype specisen 
iK>lded indicated a high egree of porosity within the laninate and the pro- 
cess was modified to achieve a more compatible resin gel time in the SP313 
with the AF147 adhesive. The C-scan of the second specimen indicated con- 
siderable improvement had been achieved by the revised processing. A third 
specimen was then produced using identical procedures to those employed for 
the second specimen. The C-scan inspection of the specimen showed apparent 
high degree of porosity existed within the molding, k detailed investigation 
of the processing parameters, preform weights, etc., revealed no difference 
between the two moldings. The only visible difference between the two speci- 
mens was that the one exhibiting “low porosity" had been lightly polished to 
remove surface resin i^ich had bled back onto the titanium outer surface 
whereas the other specimen retained its original grit blast surface finish. 

The specimen was polished and rescanned. A considerable improvement was noted 
in the “apparent" po sity level. Generally, it was concluded that at the 
high sensitivity level setting of the equipment, the ultrasound attenu- 

ated by the grit blasted surface "roughness". Figure 21 shows the dramatic 
improvement of the C-scan in "apparent" poiosity when half of the specimen 
SP-8 was polished and the other half left in the grit blasted state. As a 
result of the findings, all the previously inspected PR288/T300/S super- 
hybrid specimens were polished and rescanned and similar improvement were 
noted in the C-scans. 


4.4 SPECIMEN CONDITIONING 


Specimens were allocated to specific environmental humidity conditioning 
and impact temperatures. The specimens veve divided into two batches, the 
first batch being planned to be impacted with RTV foam, projectiles at low 
velocity P244 m/sec ("800 ft/sec)l tc determine damage threshold level. 

After damage evaluation, the second batch of specimens were impacted at 
higher velocities. The two batches of specimens were, therefore, conditioned 
approximately three weeks apart to achieve uniform exposure. Tables LI and LII 
list the specimen allocation for batches No. 1 and No. 2 respectively. 

The simulated airfoil specimens were moisture conditioned at 355 K (180* F)/ 
97X relative humidity to achieve the "dry" and "wet" and "wet spike" moisture 
levels. Calibration sample specimens of eich material/construction were 
monitored during exposure to determine when full saturation was achieved as 
shown in Figure 22. 


The approximate weight gain saturation levels for the various design 
specimens were: 


PR288/AS/S Control 
PR288/T300 Baseline 
PR288/T300/S Hybrid 
SP313/T300/S Hybrid 
NR150A2/T300/S Hybrid 
PR288/T300/S Superhybrid 
SP313/T300/S Superhybrid 


2.6 percent 
3.1 percent 

2.7 percent 

1.7 percent 
0.9 percent 
0.3 percent 
0. 2 percent 
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Table LII. Task II - Test Matr ix/Spec imen Allocation 
Batch Nc. 2 Specimen Conditioning/ Impact 
Test Temperature Matrix. 
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TIME, DAYS 

Figure 22. Task II Specimen Moisture Absorption at 355K (180° F)/97 Percent Relative Humidity. 



The higher weight percentage gain of the PR288/T300 (3.1%) compared to 
the hybrid versions PR288/AS/S (2.6%) and PR288/T300/S (2.7%) is a function 
of the lower density of the material. The actual total weight of absorbed 
moisture, which is a matrix controlled, for all three materials is almost 
identical. The superhybrid specimens continued to slowly absorb moisture 
through the exposed core material at the ends of the specimens. Except for a 
minor moisture penetration through the leading and trailing edge metallic 
ply bond lines, the impact zone of the superhybrid specimens were moisture 
free . 


"Dry" specimens were conditioned 36 hours at 355 K (180" F)/97% RH prior 
to the day of test to achieve the moisture pick-up equivalent to three (3) 
months ambient storage conditions. 


4.5 TORSIONAL TESTING 


A Weideman Baldwin torsional fatigue fixture was modified to evaluate 
the torsional stiffness of the "airfoil" specimens. Clamping fixtures to 
hold each end of the specimen over 2.54 cm (1 in.) lengths were produced 
leaving a distance of 20.3 cm (8 in.) between the supports. A 38.73 cm 
(15.248 in.) radius loading arm was affixed to the free end of the specimen 
together with a counterbalancing feature to tare-out the loading arm weight. 
The torsional test apparatus is shown in Figure 23. 

Calibration tests were conducted on one specimen of each basic design/ 
material combinatin to check out the equipment and develop load deflection 
"curves". Each specimen was torsional ly loaded by applying weights to the 
loading arm and the deflection angle measured by vertical displacement of 
the loading arm. Typical "dry" specimens from Batch No. 1 were selected for 
calibration which had not been conditioned but had been stored in ambient 
room temperature conditions since fabrication. Figure 24 shows the load 
deflection curves which were developed. After the load was removed, the 
angle was measured to ensure no permanent deformation after 10 degree twist. 
All the specimens regained their original shape except for the superhybrid 
SP313/T30<^/S specimen (SP-5) which indicated a permanent deformation of 2 
degrees. The specimen was reinspected by ultrasonic C-scan and no internal 
damage was indicated. The second superhybrid specimen was only calibrated 
through 5 degrees to prevent similar "damage". Almost identical torsional 
stiffness characteristics were exhibited by both superhybrid designs 
(PR-1 and SP-5) and by the epoxy hybrid designs (787-1 and 786-5). The 
PR288/T300 specimen (785-1) indicates higher torsional stiffness than the 
hybrid designs vdiich is caused by the inherent higher modulus fiber rein- 
forcement of all T300 and no S-glass. The NR150A2/T300 hybrid specimen 
(NR-5 ) indicates a torsional stiffness of 15 percent than the equivalent 
epoxy hybrid design specimens reflecting the high transverse flexural 
properties of the resin as indicated ir, Task I for 0* orientation NR150A2/ 
T300 laminates [*83 MPa (^ 12 ksi)]. 
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Specimen Torsional Stiffness Measuring 
Apparatus . 



38.73 cm 
(15.248") 



ANGULAR DEFLECTION 
(DEGREES) 


The 294K (70* F) wet spike specimens were initially loaded to achieve 5 
degree twist but this degree of torque was diagnosed as being too severe and 
was believed, together with the thermal spike effect, caused -nitial damage 
within the specimens prior to impact. Subsequent specimens were loaded to 
achieve only 2 degree twist and a procedure of inspecting each specimen by 
ultrasonic hand scanning was instituted immediately prior to impact to check 
for any initial damage caused by conditioning or torque testing. Upon cc»&- 
''letlon of the torque test, each specimen was tightly wrapped in aluminum foil 
to minimize moisture loss and transferred immediately to the University of 
Dayton for impact testing. 

The postimpact test specimens were returned to Cincinnati Testing Labora- 
tory for measurement of the torsional load required to twist the specimens 
through 2 degrees. It was noted during the repeat torsion testing that some 
specimens were apparently stiffer after impact. A detailed review of the 
records indicated that some specimens were retested three days after impact and 
it was believed that moisture desorption from the specimen was the cause of 
increase in stiffness. In order to evaluate this phenomenon, the PR288/AS/S 
"dry" control specimen was removed from the environmental chamber and a daily 
measurement of moisture content and torsional load required to twist 2 degrees 
was taken. The results of the study shown in Figure 25 clearly indicate a 0.3 
percent change in moisture content, which is primarily surface drying, can 
effectively change the torsional load by '^3 percent. During the torsion test 
the repeatability of the test was shown to be within + 0.5 percent. 


4.6 BALLISTIC IMPACT TESTING 


4.6.1 Ballistic Impact Test Temperature Calibration 

Typical hybrid and superhybrid specimens were supplied to the University 
of Dayton with thermocouple holes drilled into the core section of each 
design for temperature surveys to be conducted, in conjunction with the 
heating/cool ing apparatus to establish the parameters prior to commencing 
impact testing. Additional surface thermocouples were affixed to the surface 
of the specimen as shown in Figure 26. The specimen was mounted into the 
clamping fixture and an insulated fiberboard hood **30 cm (**12 in.) cube was 
lowered over the whole assembly. Heating was achieved by introducing elec- 
trically heated forced air into the chamber and cooling to 219 K (-65* F) by 
the use of liquid nitrogen. 

The resultant heating and cooling cycles to which each particular speci- 
men was subjected is shown on the attached charts. Figure 27 shows the typi- 
cal heating time for a hybrid specimen and the time of impact after the heat- 
ing box was removed. Each impacted specimen was fitted with a surface thermo- 
couple S2 to monitor the specimen temperature tc determine uniform condition- 
ing at the time of firing the projectile. Figure 28 shows a similar heating 
calibration curve for a superhybrid design specimen. Figure 29 and 30 show 
the typical cooling cycle finally developed to achieve semi-uniform tempera- 
ture thoughout the hybrid and superhybrid specimens respectively using liquid 
nitrogen as the cooling media. 
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Torsional Load (2 degree Twist) 
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Figure 25. Moisture Desorption and Effect on Torsional Stiffness - PR288/AS/S Calibration 
Specimen. 
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Figure 27. Hybrid Specimen Heating Cycle 
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Figure 29 . Final Calibration Curve 







Due to the use of improper thermocouples during the Batch No. I impact 
tests, the specimens were exposed to inaccurate test temperatures. After 
the final calibration curves (Figures 29 and 30) were established, it was 
determined that all the Batch No. I hybrid type specimens were actually impacted 
at 209 K (-83* F) rather than 219 K (-65* F) as planned and that the superhybrid 
sj>ec imens were tested at 230 K (-45* F). One Batch No. 2 specimen, S/N 785-14, 
was also impacted at 419 K (295* F) instead of 394 K (250* F) before the thermo- 
couple problem was discovered. 


4.6.2 Ballistic Impact Testing 

The Work Statement called for impact testing on a cantilever supported 
specimen. During testing under NASA Contract NAS3-19729, "Impact Resistant 
Boron/Al uminum Composites for Large Fan Blades," using cantilever supported 
specimens of identical geometry most of the specimens suffered "root" bending 
failures just above the clamp instead of local failures at the point of impact. 
Since that time General Electric had conducted over 80 ballistic impact tests 
using a "free-free" configuration where the specimen was not rigidly attached 
to any support but allowed to move freelv after being impacted. 

In an attempt to determine a support system wl'iich would provide the most 
meaningful data, several trial impact tests were conducted using prototype 
specimens supported in the cantilever and free-free mode. Hie results of 
these tests are summarized in Table LIll. Eight specimens including four 
graphite/epoxy ( PR288/T300 ) , three hybrid/epoxy and superhybrid/ epoxy were 
used for the tests, llie results of this testing indicated that the cantilever 
test results could be biased bv the structural respon.se of the attachment. 

In all cases, the failure of the cantilever specimens occurred at the clamp 
either as the sole failure mixie or in .addition to local damage. 

. gelatin projectile of 2.54 cm (I in.) diameter and 7.7 grams in lieu of 
the 3.175 cm (1-1/4 in.) dia meter (15 grams) projectile was selected and 
testing was conducted using a fifty percent slice (2.85 grams) at imapact 
velocities of 274 m/sec and 304 ra/ sec (900 and 1000 ft/sec). 

Subsequent to whis selection, a further specimen was tested using a 5 
gram slice of a 15 gram projectile to simulate the revised impact conditions, 
but at a lower velocity. Tlie results of this test shown in Table LlII, Test 
No. 2, indicates a combined root and local failure mode. 

The Task II Batch No. I impact testing was conducted as follows: 

• Specimen supported in cantilever mode. 

• Specimen was clamped 13.97 cm (5.5 in.) from the free end 
using a constant clamping load. 

• Reusable fiberglass spacer.s were used between the clamping 
vise and the specimen. 

• Impact location was 5.08 cm (2 in.) up from the clamp 
(Reference Figure 26). 
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Figure 31. Arrangement of Specimen Ballistic Facility. 
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Table LIV. Task II Batch No. 1 NDE Specimen Evaluation and Impact Test Data, 219 K ( 65" F) “Dry 
and 294 K (70" F) "Dry". 
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Table LV, Task II Batch No. 1 NDE Specimen Evaluation and Impact Test Data, 294 K (70® F) "Wet 
and 294 K (70® f) "Wet Spike". 
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Evaluation and Impact Test Data, 394 K ( 250 ! F) "Uet Splke 
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Table LVIII. Task II Batch No. 1 Specimen Weight Records, 219 K (-65! F) "Dry and 294 
(70° F) "Dry". 
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Task II Batch No. 1 Specimen Weight Records, 394 K (250® F) 













Table LX. Task II Batch No. 1 Specimen Weight Records, 294 K (70" F) "Wet" and 394 K (250" F) "Wet 
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Tabla LXI. Task II Batch No. 1 Specimen Weight Records. 294 K (70" F) "Wet Spike” and 394 K (250“ F) 
"Wet Spike”. 
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Table LXII. Torsion Load Test Data 


Materiel 

Spec iaen 
S/M 

Ispact 

Teat 

Teap.Cond . 

PR288/T300 

785-1 

219 % (-65* F) 
"Dry" 

PR28S/T300/S 

786-1 

219 K (-65* F) 
"Dry" 

SP313/T300/S 

787-1 

219 t (-65* F) 
"Dry" 

mi30A2/T300/S 

(Hybrid) 

lffi-1 

219 t (-65* F> 
"Dry" 

(Superhybrid) 

PR288/T300/8> 

PR-1 

219 K (-65* F) 
"Dry" 

Ti^B/Al 



(Superhybr id) 
SP313/T300/S.^ 

SP-1 

219 K (-65* F) 

"Dry" 

Ti*B/Al 



PR288/T300 

785-2 

294 K (70* F) 
"Dry" 

PR288/T300/S 

786-2 

294 K (70* F) 
"Dry" 

SP313/7500/S 

787-2 

294 K (70* F) 
"Dry" 

MR150A2/T300/S 

(Hybrid) 

Ml-2 

294 K (70* F) 
"Dry" 

(Superhybr id) 
PR288/T300/S^ 

PR-2 

294 R (70* F) 
"Dry" 

Ti*B/Al 



(Superhybrid) 

SP313/T300/S> 

SP-2 

294 R (70^ r) 
"Dry" 

Ti^B/Al 




1‘evted to ^ degree twist - Noraali 


Calib. 
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Torsion 
Load 

2* Twiat 

Conditioned 

Torsion 

Load 

2* Twiat 

I 

After 
laipact 
Torsion 
2* Twiat 

Qiangc in 
Torsion Lo^ 
After lapact 
Percent 

400 

355.2 

269.7 

« 4.08 

354 

384.4 

329.1 

-14.3 

349 

327.0 

325.9 

- 0.2 

417 

315.6 

320.7 

- 1.6 

655 

1 

705.0 

741.3 

1 

♦ 5.1 

624 

740.7 

748.4 

♦ 1.04 

400 

368.0* 

372.3 

♦ 1.16 

354 

J23.6* 

350.6 

* 8.34 

349 

320.3 

351.6 

♦ 9.8 

417 

303.6 

304.3 

* 0.23 

655 

602.8 

774.8 

*28.5 


624 


601.2 


742.7 


♦2J.5 



























Figure 33. NDE Ultrasonic C-Scan After Impact for 294 K (70* F) "Dry” Specimens 
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Table LXIII. Torsion Load Test Data, 294 K (70® F) Wet and 294 K (70® F) 
Wet Spike. 


Hsterisl 

Spec inen 
S/N 

Isipact 

Test 

Temp.Cond . 

Cslib. 
Spec iaen 
Torsion 
Load 

2* Twist 

Conditioned 

Torsion 

Load 

2* Twist 

After 
lapse t 
Torsion 
2* Twist 

Change in 
Torsion Load 
After Impact 
Percent 

PR288/T300 

78S-3 

29* K (70* K) 
"Wet" 

400 

366.7* 

373.1 

♦ 1.7 

PR288/T300/S 

786-3 

29* K (70* F) 
"Wet" 

35* 

323.5* 

331.1 

♦ 8.6 

SP313/T300/S 

787-3 

29* K (70* F) 
"Wet" 

349 

346.4* 

351.6 

♦ 2.3 

NR150A2/T300/S 

(Hybrid) 

NR-3 

294 K (70* F) 
"Wet" 

417 

391.7* 

406.7 

♦ 3.8 

(Superhvbrid) 

PR288/T300/S+ 

Ti*B/Ai 

PR-3 

29* K (70* F) 
'Vet" 

655 

563 . 2* 

658.8 

♦ 16.9 

(Superhybrid) 

SP313/T300/S* 

TieB/Al 

SP-3A 

294 K (70* F) 
’Vet" 

624 

572.4 

709.4 

♦24 

PR288/T300 

785-A 

294 K (70* F) 
"Wet Spike" 

400 

349.92* 

337.04* 

- 3.6 

PR288/T300/S 

786-4 

294 K (70* F) 
■Vet Spike" 

354 

336.00* 

325.64* 

•3.08 

SP313/T300/S 

’87-4 

294 K (70* F) 
"Wet Spike" 

349 

372.80* 

280.40* 

-24.9 

(Superhybrid) 

PR288/T300/S* 

Ti+B/Al 

PR -4 

294 K (70* F) 
'Vet Spike" 

655 

560.40* 

599.60* 

♦ 7.0 

(Superhybrid) 
SP313/T300/S* 
1 TteB/Al 

SP-4 

294 K (70* F) 
•Vet ‘•pike" 

624 

591.24* 

654.64* 

♦ 10.7 


*Tett»d to 5 degree twist - Norasl iced to 2 degree twist. 



Table LXIV. Torsion Load Test Data, 394 K (250® F) Dry and 394 K (250® F) Wet. 


Material 

Spec inen 

S/N 

Impact 

Test 

Temp. Co nd. 

Calib. 
Spec imen 
Torsion 
Load 

2* Twist 

Conditioned 

Torsion 

Load 

2’ Twist 

After 
Impact 
Torsion 
2* Twist 

Change in 
Torsion Load 
After Impact 
Percent 

PR288/T300 

785-5 

394 K (250* 
••Dry" 

r) 

400 

370.0 

390.9 

+5.6 

PR288/T300/S 

786-5 

394 K (250* 
"Dry" 

F) 

354 

327.7 

380.3 

+16 

SP313/T300/S 

787-5 

394 K (250* 
•'Dry" 

F) 

349 

335.1 

328.8 

-1.9 

NR150A2/T300/S 

(Hybrid) 

mb 

394 1C (250* 
"Dr y" 

F) 

417 

377.0 

386.0 

+2.4 

(Super hybrid) 
PR288/T300/S+ 
Ti>B/Al 

PR-5 

394 K (250* 
"Dry" 

F) 

655 

636.6 

699.5 

+6.53 

(Super hybrid) 
SP313/T300/S^ 
Ti+B/Al 

SP-5 

394 K (250* 
"Dry" 

F) 

625 

710.0 

741.8 

+4.5 

PR288/T300 

786-6 

394 K (250* 
"Wet" 

F) 

400 

371.3 

369.7 

-.4 

PR288/T300/S 

786-6 

394 K (250* 
"Wet 

F) 

354 

279.1 

314.9 

+12.8 

SP313/T300/S 

787-6 

394 K (250* 
"Wet" 

F) 

349 

345.6 

330.5 

-4.36 

NR150A2/T300/S 

(Hybrid) 

NR -6 

394 K (250* 
"Wet" 

F) 

417 

384.9 

363.6 

- 5.53 

(Superhybrid) 

PR288/T300/S* 

Ti+B/Al 

PR-6 

394 K (250* 
"Wet" 

F) 

655 

624.4 

716.7 

♦ 14.8 

(Superhybrid) 

SP3l3/T300/S't 

TieB/Al 

SP-6 

394 K (250* 
•Vet" 

F) 

625 

683.4 

649.8 



^Tested to b degree twist ~ Normal iced to 2 degree twist. 
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Table LXV. Torsion Load Test Data 394K (250* F) Wet Spike. 
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Tested to 5 degree twist 
Normalized to 2 degree twist 




Table LXVI. Batch No. 1 Specimen Ranking by Test. 


TEST CONDITION 

SPECIMEN 
DASH NO. 

RANKING 

1 7 I 4 5 6 

219 K (-65° F) "Dry" 

-1 

rsp^ 

786 

787 

PR 

NR 

785 


294 K ( 70 ^ F) "Dry" 

-2 

SP 

PR 

786 

785 

787 

NR* 

294 K (70" F) "Wet" 

-3 

NR 

787 

786 

SP 

785 

PR 

294 K (70" F) 
"Wet Spike" 

-4 

PR 

SP 

785 

787 

786 

— 

394 K (250" F) "Dry" 

-5 

NR 

787 

SP 

785 

PR 

786 

394 K (250" F) "Wet" 

-6 

NR 

SP 

787 

785 

PR 

786 

394 K (250" F) 
"Wet Spike" 

-7 

SP 

787 

786 

PR 

785 

— 


* NR Specimen Molding Poor Quality 


LEGEND: 


785 

PR288/T300 (Baseline) 

786 

PR:88/T300/S Hybrid 

787 

SP313/T300/S Hybrid 

NR 

NR150A2/T300/S Hybrid 

PR 

PR288/T300/S+Ti+B/Al Superhybrid 

SP 

SP313/T300/S+Ti+B/Al Superhybrid 
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Table LXVII. Batch No. 1 Specimen Design Rating. 



*NR Specimen Molding Poor Quality 
1-Least Damage 
6-Most damage 


Legend : 

785 PR288/T300 Baseline 

786 PR288/T300/S Hybrid 

787 SP313/T300/S Hybrid 
NR NR150A2/T300/S Hybrid 

PR PR288/T300/S+Ti+B/Al Superhybrid 
SP SP313/T300/S+Ti+B/Al Superhybrid 




Conclusions from Che Batch No. 1 specimen impact test are sumstarised 
below: 

• the Superhybrid design configuration with the more moisture 
resistant matrix core material (SP313/T300/S) exhibits the 
best overall resistance to impact damage as shotm in Tables 
LXVI and LXVIT (Reference Specimen SP) . 

• The NR1S0A2/T300/S hybrid system demonstrated almost equal 
impact characteristics to the SP313 superhybrid. The superior 
moisture resistance and improved fracture toughness of the NR150A2 
matrix resulted in the best overall impact performance of the 
specimens (NR) in the wet conditioned state. 

a The PR288/T300 (785) nortiybrid "Baseline" system exhibited the 
worst overall impact resistance characteristics. The poor 
moisture saturated properties of H1288 resin matrix coupled with 
the low impact resistance of the pure carbon fiber reinforcement 
are deemed to be the major contributary causes for the poor impact 
performance. 

• Measurement of torsional stiffness changes in the specimens after 
impact did not effectively indicate the degree of impact damage. 
This lack of sennitivity of the test method was partially due to 
the following conditions: 

a There was no gross damage during the impacting of the speci- 
mens and therefore the specimen cross section remained essen- 
tially the same except for local delamination 

• Loss of moisture between the time of the impact test and 
torsion testing resulted in increasing the specimen stiff- 
ness as shown in Figure 25. 

• Torsion testing to 5 degree twist caused initial damage to 
this desin of specimen and 2 degree twist was selected as 
the test measurement parameter 

• The repeatability of the torsional test data was demonstrated 
to be within ±0.5 percent 

• There were indications that the thermal spike conditioning at 422 K 
(300* F) caused some pre-impact damage especially to the moisture 
saturated lower temperature capability systems. 

• The titanium outer layer of the superhybrid systems peeled back in 
the leading edge impact zone. The low ballistic strain response of 
the foil bonding adhesives coupled with the degradation of the 
adhesive caused by moisture ingress between the foils in the lead- 
ing edge area were the primary cause of this type of failure. A 
leading edge wraparound protection would eliminate these phenomena. 
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• An analysis of the impact gun tolerances showed a target accuracy of 

^ 3.8 OKI at 1 m distance 0.150 in. at 3 ft) from the gur. 

barrel. The average impact velocity range over the Batch No. 1 
tests were 1.68 m/sec to 201 m/sec (552 to 660 ft/sec) the resultant 
impact energy ranged from 7.4 to 19.7 Joules (5.48 to 14.51 ft-lbs). 

• There was no delamination damage on the specimens impacted at 219 K 
(■*65* F) in the dry condition. Three specimens were, however, 
damaged at the clamp support due to bending and the more brittle 
nature of the matrices at the cryogenic temperature. 

• The cantilever test method obscured the local impact damage results 
since 20 specimens (50 percent) were damaged at the clamp support 
due to excessive bending. 

4.8 BATCH NO. 2 BALLISTIC IMPACT TESTING 


The ballistic impact specimen support method and impact test conditions 
were modified for the Batch No. 2 specimens after conducting preliminary impact 
tests, on additional surplus specimens, to ensure minimal root clamp location 
failures compared 1 3 Batch No. I ^ere 50 percent of the specimens exhibited 
local failure in this area. 

The final established Batch No. 2 test conditions were: 

• Cantilever specimen support (as Batch No. 1). 

• Fiberglass spacer clamps protruded 2.3m 1/S in.) above the 

alixninum clamps. 

• 1.5 cBD (1/16 in.) rubber pads inserted between the aluninum clamps 
and the steel vice to help cushion the high stress concentration 
at the clamp interface. 

• Impact velocity increased to 274 m/sec (900 ft/sec). 

• Full bite of 2.54 cm ( 1 in.) diameter gelatin projectile to 
ensure more uniform ifflpo''^ energy levels. 

• Incidence angle 25 degrees. 

The revised Batch No. 2 specimen test allocation/conditioning matrix 
is shown in Table LXVIII. Two undamaged Batch No. I NR150A2/T300/S speci- 
meni were incorporated into the Batch No. 2 test plan (SN NR-3 and NR-5). 

Soecimen moisture conditioned weights and Che torsion test load data 
for the specimens are shown in the following tables: 

Table LXIX - conditioned specimen weights “ 219 K (-65* F) dry and 
294 K (70* F) dry 
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Table LXVtll. Batch No. 2 Specinen Condiclonlng/iiapect 
Teat Temperature Matrix. 

Taak tl - Teat Matrlx/Specimen Allocation 



219 K 
(-65“ F) 
Dry 

29A K (70 

• P) 

394 K (250 

• F) 

Material 

Dry 

Wet 

Wet Spike 

Dry 

Wet 

Wet Spike 

PR288/I300 

785-8 

785-9 

785-10 

785-11 

785-12 

785-13 

785-14 

PR288/r300/S 

(Hybrid) 

786-8 

786-9 

7o6-10 

786-11 

786-12 

786-13 

786-14 

SP313/T300/S 

(Hybrid) 

787-8 

787-9 

787-10 

787 -llA 

787-12 

787-13 

787-14 

NR150A2/T300/S 

(Kybrid) 

NR-7 

NR-8 

NR-9 

NR-3 

NR- 10 

NR-11 

NR-5 

PR*d8/T300/S+ 

Ti>B/Al 

(Superhybrid) 

PR-8 

PP-9 

PR- 10 

PR- 11 

PR-12 

PR- 13 

PR- 14 

SP313/T300/S+ 

Ti+B/Al 

(Superhybrid) 

SP-8 

SP-9 

SP-10 

SP-11 

SO- 12 

SP-lj 

SP-14 
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Table LXIX. Task II Batch No. 2 Specimen Weight Records, 219 K (-65® F) and 
294 K (70° F) "Dry". 


c u 

« >• o 

S 

% s 1 

a ft k* 

'<9 Q •• 

^ A a 

cs ^ oft « « O 

tA <A 'T £ ^ O 

4*4 44. 44. ^ 

£ lA £ d fA 

Cl ft c> ft X £ 

tA bA tA £ ft ft 


i i| 

J 1 ft 

m 1 

o tH 9^ 9> 

— • A «in £ 9>>iA 40£ 

«D-<* <e<>^ flo-^ 

fl o «AO <AO <*^0 fA O lAO 

4^ ^ .44. A A ^ 

Cl ft ft PA £ £ 

£iA X£ X£ ft^ >^<A >^iA 

X*^ ft-- ft^ 

PAO lA-^ lAp lAO fAp PAP 

• 

1 

k* 

m 

m 

£ 

m 

'i 

ft 

B 

e 

-■4 

•8 

0 

u 

c 

1 

u 

ft 

o. 

CO 

M u £ ^ 

2 l.?g 

^ O 4P O O 

£ «A <*« <*4 ^ £ 

ei -4 «n Cl tNi 

^ <0 9 9 

OO «.* O* £ Cl *« 

c- CO £ O Q 

lA ft d £ £ ft 

£ <N d X Ch £ 

lA X d £ lA C. 

X Cl ^ l/^ X M 

d ft ft ft ^A £ 

d X d X O O 

e 

44 

44 44 

k* W iC >-s 
.2 

O ftt C* B £ 

<n c*> o c* p £ 

Cl m o Cl ^ £ 

fts £ o £ C- 

ft> ^ 9> ft. N ^ 

Cv «0 r> B o O 

A -^ £ £ -r d 

£ d £ ® 2 o 

£ C* £ £ C. 

d m £ «A * •-* 

X — ft ft 2 ^ 

d X £ o o 

iM 

44 

4j e 

j; ft 

•• r* u 
>•« u 

ft ft ft 

3 o a. 

•A Cl £ •> 

00 c> .A £ O C 

o o o £ o o 

p £ — X 

X £ tA tn tA £ 

d o d d o d 

£ 

M 

£Jj 

lA ■ *A p o 

O c- lA £ <A ft 

ft C4 O C> 80 <A 

4-. ft £ O £ A. 

lA . t . . • 

— ft ft d ^ 

00 X £ 00 o O 

A p o o O p 

d -1 P X £ — 

£ Cl tA O' PA O 

P^ lA £ tA X -- 

X ^ ft ft lA £ 

d X d X o o 

>*-0 £ 

- ft Ma 
^ H 

3 k« ft U 
fa. Q ? w 

e o .A tA o 

o lA Cl ft 

P tA ft 00 £ O 

£ (A £ £ £ c. 

ft ... . 

ft OQ Cl 

c. X c. 9 O O 

P «A P O p lA 

d £ ft o ft ft 

— ft £ X d ^ 

4- d o o d ^ 

X p ft ft lA £ 

d X d X p o 

0 

44 ac 

£ k. c 
«fi 0 

. 0 » >s 

ft k. U u 
3 0. a w . 

lA £ lA fA A 

.A £ O ft £ ft 

Cl ft X *A — 

Cl £ £ rw £ rw 

o • • . • 

. ft X Cl 

X X c. X p p 

r% M 4M 

Ml o lA «A A o 

tc O wi o d d 

d rA PA ft ft 

d ft d d d 4M 

X Q ft ft Cl £ 

d X d X o o 

ft 

£ 

ft £ 

•4* M 

c 

fa! 5 

lA P iC «A O O 

£ O X — d 

C4 X c. X p p 

O O *A c ^ o 

d ft X X Cl n 

d d d X Q O 

^ .-t 

c 

0 

w u 

is 1 

fa. fa. fa. fa< Cl. tb 

lA lA lA .n .A A 

£ £ £ £ £ £ 

*- 

^ Ss ^ >> ^ ►, 

Mk. a^k. Hu a^k. aKb wk. 

^ a ^p ^p a * a 

fts fts fts ft; ft: ftS 

^ w 2 

IN Cl Cl Cl CN CM 

fa. fa. fa. fa« fa. fa. 

®4 *®- *®- ®. *®. ®. 

w' *>» .-e >» >sw ^ w *>t w V. w *d 

wk. ^k( ^k« ^k* 

*a ®^P *a *a 

£ “ £• £- £- £- £- 

ft ft ft ft ft ft 

Cl Cl d d Cl d 

Spec ioien 

S/N 

X X X Ck X 

1(11 X 

JA £ « 1 t 

X X X X K A. 

C» c r> 0. X 

ft ft ft X 

1 < 1 > ft ft 

A £ d ae 1 1 

X X X S X a. 

d d d a, tn 

1 

Mater ial 

PR288/T300 

PR2B8/T300/S 

SP’13/T300/S 

NR1S0A2/T3O0/S 
(Hybr id ) 

(Superhybrid) 

PR288/T300/S+ 

Ti.B/Al 

(Superhybrid) 

SP313/T300/S+ 
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Tabu LXX 

Table LXXI 

Table LXXIl 
Table LXXI I I 

Table LXXIV 


Table LXXV 
Table LXXVI 


conditioned specimen weights 295 K (70* F) wet and 
394 K (250* F) wet 

~ conditioned specimen weights 294 K (70* F) and 394 K 
(250* F) wet spike 

- conditioned specimen weights 394 K (250* F) dry 

- torsion load test data 219K (“65* F) and 294 K (70* F) 
dry 

- torsion load test data 294 K (70* F) wet and 294 K 

(70* F) wet spike 

“ torsion load test data 394 K (250* F) dry and 394 K 
(250* F> wet 

- torsion load test data 394 K (250* F) wet spike 


The impacted specimens were reinspected by ultrasonic C-scan and the 
reduced size copies of the C-scan are shown in Figures 39 through Figure 45. 


4.9 DATA EVALUATION RESULTS AND CONCLUSIONS 


The Batch No. 2 specimen impact damage assessment conducted using ultra- 
sonic hand scanning and C-scanning methods together with visual inspection 
and impact test parameters tabulated in Tables LXXVII through LXXX. 

The revised specimen clamping support for the Batch No. 2 specimens did 
partially reduce the susceptability for specimens to fail in bending at the 
clamp interface. Nineteen percent of the specimens did exhibit localized 
clamp zone surface cracks. 

Several attempts were made to arrange the data in a nondimension form 
using several variables including normal impact energy, area of delamination, 
flexural strength, shear strength percent moisture, and test temperature. 

These attempts were not successful in producing a meaningful correlation of 
data, therefore, a more straight forward method of presenting the data as a 
function of percent delamination versus normal impact energy has been used 
for each of the material combinations and environmental conditions. These 
results, which proved to be meaningful in evaluating the data, are shown in 
Figures 47 through 51. Further simplification of this data is shown in 
Figures 52 and 33 in the form of a bar graph for all of the materials and 
environmental conditions. The Batch No . I test results are distinguished from 
the Batch No. 2 results by cross hatching. Using data from these figures, 
the materials %^re ranked using a numerical grading system of 1 through 6 
depending on their degree of delamination from the Batch No. 2 test conditions 
(i.e. 274 m/sec [900 ft/sec] and 25 degrees incidence angle, and 717 gram 
slice). Table LXXXI presents the summary of this -anking by test and Table 
LXXXII the rating by specimen design. The observations and conclusions from 
this data are as follows: 
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Table LXXIII. Torsion Load Test Data, 219 K (-65* F) and 294 K (70* F) "Wet". 


Material 

Spec iaen 
S/N 

la pact 
Teat 

Teap.Cond . 

Cal ib. 
Spec iaen 
Torsion 
Load 

2* Twiat 

Conditioned 
Torsion 
Load 
2* Twist 

After 
la pact 
Torsion 
2* Twist 

Change in 
Torsion Load 
After lapse t 
Percent 

PR288/T300 

785-8 

219 R (-65* F) 
"Dry" 

400 

377.7 

274.6 

-27.30 

PR288/T300/S 

786-8 

219 K (-65* F) 
"Dry" 

354 

336.5 

290.8 

-13.60 

SP313/T300/S 

787-8 

219 K (-65* F) 
"Dry" 

349 

332.7 

302.2 

- 9.17 

NR150A2/T300/S 

(Hybrid) 

l«-7 

219 R (-65* F) 
"Dry" 

417 

363.0 

381.0 

4.96 

(Superhybrid) 

PR288/T300/S+ 

Ti+B/Al 

PR-8 

219 R (-65* F) 
"Dry" 

655 

680.4 

489.8 

♦ 1.38 

(Superhybrid) 
SP313/ 300/S+ 
Tieb/Al 

SP-8 

219 R (-65* F) 
"Dry" 

624 

657.1 

680.0 

♦ 3.49 

PR288/.30C 

785-9 

294 R (70* F) 
"Dry" 

400 

380.3 

330.9 

-13.00 

PR288/T300/S 

786-9 

294 K (70* F) 
"Dry 

354 

350.2 

299.4 

-14.50 

SP313/T300/S 

787-9 

294 R (70* F) 
"Dry" 

349 

342.1 

288.3 

-15.70 

NR150A2/T300/S 

(Hybrid) 

NR-8 

294 K (70* F) 
"Dry" 

417 

405.8 

400.1 

- 1.40 

(Superhybr id) 
PR288/T300/S+ 
Ti*B/Al 

PR-9 

294 R (70* F) 
’•Dry" 

655 

712.9 

724.5 

♦ 1.63 

(Superhybr id) 
SP313/T300/S^ 
Ti+B/Al 

SP-9 

294 R (70* F) 
"Dry" 

624 

719.3 



760.9 

♦ 5.78 


143 



Table LXXIV. Torsion Load Test Data, 294 K (70® F) and 294 K (70® F) "Wet 
Spike" . 


Material 

Spec inen 
S/N 

Impact 

Test 

Tenp.Cond . 

Cal ib . 
Spec imen 
Torsion 
Load 

2* Twist 

Cond i tioned 

Torsion 

Load 

2* Twist 

After 
Impact 
Torsion 
2* Twist 

Change in 
Torsion Load 
After Impact 
Percent 

PR288/T300 

785-10 

294 K (70* F) 
"Wet" 

400 

396.1 

308.9 

-22.0 

PR288/T30O/S 

786-10 

294 K (70* F) 
"Wet" 

354 

326.4 

301.3 

- 7.69 

SP313/T300/S 

787-10 

294 K (70* F) 
"Wet" 

349 

338.1 

249.5 

-26.20 

MRI50A2/T300/S 

(Hybrid) 

Ml-9 

294 K (70* F) 
•Vet" 

4i7 

381.9 

370.0 

- 3.12 

(Super hybrid) 
PR288/T300/S* 
Ti>B/Al 

PR- 10 

294 K (70* F) 
•Vet" 

655 

647.7 

671 ,6 

♦ 3.69 

(Super hybrid) 
SP313/T300/S^ 
Ti»B/Al 

SP-10 

294 K (70* F) 
■Vet" 

624 

682.1 

681.7 

- 0.06 

PR288/T300 

785-11 

294 K (70* F) 
•Vet Spike" 

400 

369.9 

383.4 

- 3.65 

PR288/T300/S 

786-11 

294 K (70* F) 
•Vet Spike" 

354 

332.2 

248.1 

-25.30 

SP313/T300/S 

787 -llA 

294 K (70* F) 
■Vet Spike" 

349 

361.2 

354.5 

- 1.85 

NR150A2/T300/S 

(Hybrid) 

NR-3* 

294 K (70* F) 
"Wet Spike" 

417 

391.3 

380.0 

- 2.89 

(Superhybrid) 

PR288/T300/S* 

Ti+B/Al 

PR- 11 

294 K (70* F) 
•Vet Spike" 

655 

654.4 

675.3 

♦ 3.19 

(Superhybrid) 

SP313/T300/S* 

Ti+B/Al 

SP-ll 

294 K (25* F) 
•Vet Spike" 

624 

707.5 

756.6 



♦ 6.94 


*Batch No. 1 Specimen retested. 
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Table LXXV. Torsion Load Test Data, 394 K (250“ F) "Dry" and 394 K (250“ F) 
"Wet". 


Material 

Spec imen 
S/N 

Impact 

Teat 

Tenp.Cond . 

Calib. 
Spec iacn 
Torsion 
Load 

2* Twiet 

Conditioned 

Toiaion 

Load 

2* Twiat 

After 
Impact 
Torsion 
2* Twist 

Change in 
Torsion Load 
After Impact 
Percent 

PR288/T300 

785-12 

394 K (250* 
"Dry" 

F) 

400 

370.0 

291.8 

-21.10 

PR288/T300/S 

786-12 

394 t (250* 
"Dry" 

F) 

354 

339.4 

313.3 

- 7.69 

SP313/T300/S 

787-12 

394 K (250* 
"Dry" 

F) 

349 

347.8 

309.4 

-ll.OO 

NR150A2/T300/S 

(Hybrid) 

NR- 10 

394 K (250* 
"Dry" 

F) 

417 

414.8 

386.5 

- 6.82 

(Superhybrid) 

PR288/T300/S* 

Ti^B/Al 

PR- 12 

394 K (250* 
"Dry" 

F) 

655 

681.8 

676*7 

- 0.75 

(Superhybrid) 

SP313/T300/S* 

Ti+B/Al 

SP-12 

394 K (250* 
"Dry" 

F) 

624 

659.5 

651.5 

- 1.21 

PR288/T300 

785-13 

394 K (250* 
"Wet" 

F) 

400 

367.2 

342.1 

- 6.84 

PR288/T300/S 

786-13 

394 K (250* 
"Wet" 

F) 

354 

354.5 

351.1 

- 0.96 

SP313/T300/S 

787-13 

394 K (250* 
"Wet" 

F) 

349 

360.1 

371.1 

-25.90 

NR150A2/T300/S 

(Hybrid) 

NR-ll 

394 K (250* 
"Wet" 

F) 

417 

399.7 

341.8 

-14.50 

(Superhybrid) 

PR288/T300/S+ 

Ti+B/Al 

PR- 13 

394 K (250* 
"Wet" 

F) 

655 

650.0 

673.2 

♦ 3.57 

( Superhybrid) 
SP313/T300/S+ 
Ti+B/Al 

SP-13 

394 K (250* 
"Wet" 

F) 

6.24 

727.3 

754.9 

♦ 3.79 
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Table LXXVI, Torsion Load Test Data, 394 K (250“ F) "Wet Spike 
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*Batch No. 1 Specimen retested. 
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Spec Imens 
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aSIOlNAL PAGE IS 
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Figure 40. Taskll - Batch No. 2 Specimens, NBE Ultrasonic C-Scan After Impact for 294 K (70® F) 
Dry Specimens. 
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"Wet Spike” Specimens 
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Table LXXVIII. Task II Batch No. 2 NDE Specimen Evaluation and Impact Test Data, 294 K (70" F) "Wet 
and 294 K (70" F) "Wet Spike". 
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Figure 53. Damage Comparison for 394 K (250“ F) Environmental Specimens 




Table LXXXI. Batch No. 2 Environmental Specimens Ranking By Test. 



Legend : 

785 PR288/T300 (Baseline) 

786 PR288/T30''/S Hybrid 

787 SP313/T300/S Hybrid 
NR NR150A2/T300/S Hybrid 

PR PR288/T300/C+Ti+B/Al Superhybrid 

SP SP313/T300/S+Ti+B/Al Superhybrid 
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Table LXXXIl. Batch No. 2 EnviroiBsental Specimen 
Rating by Design. 


Test 

Specimen Design 
Points - Equal Rating 

Condition 

785 

786 

787 

NR 

PR 

SP 

219 K (-65* F) 
"Dry" 

5 

4 

6 

3 

2 

1 

294 K (70* F) 

"Dry" 

4 

5 

6 

2 

1 

3 

294 K (70* F) 
"Wet" 

6 

4 

5 

3 

2 

1 

294 K (70* F) 
"Wet Spike" 


6 

5 

4 

2 

1 

394 K (250* F) 
"Dry" 

4 

4 

5 

3 

2 

1 

394 K (250* F) 
"Wet" 

5 

4 

6 

3 

9 

1 

394 K (250* F) 
"Wet Spike" 

4 

5 

6 

3 

1 

2 

Total Points 
Actual 

31 

32 

39 

21 

12 

10 

Ranking 

Order 

4 

5 

6 

3 

— 

2 



1 


Legend : 


785 PR288/T300 Baseline 

766 PR288/T300/S Hybrid 

787 SP313/T300/S Hybrid 

NR NR150A2/T300/S Hybrid 
PR PR288/T300/S+T1+B/A1 Superhybrid 
SP SP313/T300/S+Ti+B/Al Superhybrid 




• The PR288 graphite and hybrid conposite specimens exhibited 
similar impact damage characteristics with considerable delami 
nation in nearly all the environmental conditions of 274 m/sec 
(900 ft/sec). No definitive trends could be observed in the 
data for these two materials (See Figures 46 and 47) with the 
exception of the 294 K (250* F) "Wet” conditions which appeared 
to have the least damage at the higher energy level. This 
could be the result of a slightly lower energy level of 39.3 
joules (29 ft-lb) for these two tests compared to the 47.5 to 
54.3 joules (35 to 40 ft-lb) range for the majority of the other 
conditions . 

• The SP313 hybrid composite specimens exhibited similar impacted 
characteristics as the PR288 composite specimens with the majority 
of the Batch No. 2 higher energy impact damage falling in the 60 
to 100 percent range. This is illustrated in Figure 48. 

• The NR150A2 hybrid composite specimen exhibited considerably 
better resistance to impact damage than either the PR288 or the 
SF313 composites with the damage levels on all specimens being 
less than 25 percent. The 294 K (70* F) and 394 K (250* F) "Dry" 
conditioned specimens exhibited the least damage and the 294 K 
(70* F) "Wet" and "Wet Spike" conditioned specimens the most 
damage . 

• Both the PR288 and the SP313 superhybrid specimens exhibited 
superior resistance to impact damage at all levels of condi- 
tioning compared to solid polymeric composite laminates. In 
the case of the two suporhybrids , the SP313/T300/S + Ti+B/Al 
appears to offer a slight advantage with the majority of data 
falling below the 2 percent damage level (see Figures 50 and 
51), being insensitive to environmental conditioning. 
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5.0 TASK III- LEADING EDGE IMPACT PROTECTION SYSTEMS 


Based upon the ballistic impact test results of Task II, one hybrid and 
one superhybrid system was selected and used for the fabrication of larger 
simulated blade test panels. The specimens were reinforced with a leading 
edge protection device prior to conducting ballistic impact tests. Initially 
NR150A2/T300/S superhybrid and SP313/T300/S superhybrid were the selected 
systems, but due to processing problems associated with the NR150A2 system, 
the NASA developed PMR15 polyimide was finally substituted. 


5.1 SPECIMEN DESIGN 


The Task III specimen was a larger simulated airfoil design Chan that 
used in Task II, measuring 15.24 cm (6 in.) chord and 40.64 cm (16 in.) long 
with a maximum thickness of 6.35 mm (0.25 in.). The final protection device 
selected consisted of r.ick^jl plated wire mesh applied to the leading edge over 
a 7.62 cm (3 in.) c^'ordal length. Figure 54 shows the basic cross-section 
geometry of the speciinen which was also selected for Task IV - Simulated Blade 
Spin Impact Tests. 

The ply orientation/layup selected for the two designs of specimen are 
diagramatically shown in Figures 55 Hybrid Design and 56 Superhybrid Design. 

A photograph of the typical specimens are shown in Figure 57 and the cross 
section construction is shown in Figure 58. 

The materials initially procured for Task III were subjected to incoming 
materials quality control procedures. Physical properties of the prepregs and 
mechanical properties of the molded test panels are tabulated in the attached 
Q.C. Data Summary Sheets, Table LXXXIII - SF313/T300/S and Table LXXXIV - 
NR150A2/T300/S. The materials were released for specimen fabrication based 
upon the acceptable mechanical properties in molded laminates. 


5.2 SPECIMEN FABRICATION 

5.2.1 Hybrid Specimens - (NR150A2/T300/S) 

The initial NR150A2 Process Evaluation flat panels molded in accordance - 
with the procedures developed for the Task II specimens (Ref: Paragraph 4.3) 

were of unacceptable qual ity/ finish despite acceptable Q.C. mechanical proper- 
ties. Once again batch to batch material variability was suspected. This 
necessitated a complete re-evaluation of the molding/ processing parameters for 
the new batch of prepreg. Some ten additional flat panels were produced vary- 
ing initial staging temperature/ times , "PreDoT" die temperatures/pressures 
and residual solvent < )iitent in attempts to secure a satisfactory process. 

An interesting discovery made during the process evaluation study was 
that absorbed moisture 'n the fully cured laminate creates increased resin 
matrix flow during the ’PreDoT" post die forming procedure. A press cured 
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Figure 57. Typical Hybrid and Superhybrid Specimens. 
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Table LXXXIII. Q.C. Data Summary - Hybrid Prepreg (Specification A013163-A85) . 

Addendum 


PrepreR Lot No. 814 


Date Received 

7-4-79 


Prepreg Type SP313/T300(80!l)/S{20J 


Expiration Date_ 

4-4-80 


Quantity 13.27 kx(29.25 lbs) [600 ft) 


Resin Batch No._ 

Lot 647TP 


A. Graphite Data: 

Vendor MPTL 

Spec . 

Accept 

Reject 

Batch No. 

759-2/760-2 




Tensile Str. ,HPa(Ksi ) ,Ayg. 

3033/3165 

2827 Min. 

X 


Tensile Mod. ,GPa(Msi),Avg. 

221(230) 

200-234 

X 


Dens ity, gras /cc ,Avg. 

1,77/1.76 

1.785-1.827 


X 


Prepreg Data: 



1.10 ± 4.0 


Graphite, gsw/m^Cf t2)Avg. 

103(9.57) 

103(9. /l) 

(10.2±0.4)* 


Individ. Specimens*** 

1/3 

1/4 

2/3 


Sec.Fiber,gms/m2(f t2)Avg. 

41(3.8) 

38(3.56) 

3813.0(3.510.3)** 

X 

Individ. Specimens*** 

3/3 

4/4 

2/3 

X 

Tot. Fiber Wt . ,gras/m2( f t2)Avg. 

144(13.37) 

143(13.27) 

14714.0(13.710.4) 

X 

Individ. Specimens*** 

7/3 

2/4 

2/3 


Resin, gms /m2( f )Avg . 

108(10.0) 

90(8.35) 

7915.0(7.310.5) 


Individ. Spec imens*** 

— 

0/4 

2/3 


Vols . ,51 wt . ,Avg. 

0.5 

0.24 

2X Max. 

X 

Individ. Specimens*** 

— 

4/4 

2/3 

X 

Gel Time, Mins. g 383K( 230*F) 

— 

N.A.(2) 

40 Min. 


Flow,l(a 383 K( 230* F) 
Visual Discrepancies 

“““ 


3 - 7 



X 

X 


Laminate 

Data 

Panel No. 

G-354 

XP-3 

Roll No. 

■s 




Gel Time 

in Die 

,Mins . 


— 


Thickness, cm(in.) 


4.9/Ply 

0.085 

0.08010.002 

X 

Flex. Str. (?RT,MPa(K8i) 


1593(231.0) 

1517(220.0) 

1345(195) 

X 

394 K(250*F) ,MPa(Ksi ) 

(1) 

1562(226.5) 

1533(222.4) 

1172(170) 

X 

Flex. Mod. (iRT,GPa(Msi) 


110(15.9) 

102'14.8) 

97(14.0) 

X 

394 K(250'F),GPa(Msi) 

(1) 

105(15.2) 

130(15.0) 

90(13.0) 

X 

SBS Str.^RT,MPa(Ksi) 


124(18.0) 

111(16.1) 

97(14.0) 

X 

394K(250*F),MPa(Ksi) 

(!,' 

>0.3(10.2) 

82(11.9) 

59(8 .5) 

X 

Fiber Volume, t 



55.3 

48/12 (6012) (3) 


Resir. Content, X wt. 



35.2 

Report 


Voids, X 



0.36 

2X Max. 

X 

Density, gms/cc 


1.64 

1.63 

Report 



D . Materiel Diepoaition 

Accept for all usage . Reject. and (a) Return to 


Vendor 


or (b) Available for Limited Use Only NASA Envi ronwencal Program 


Q.C. Eng. G.C. Murphy Date: 8-8-79 


* Graphite wt. ■ 5.66 » SP. GR. of fiber 
** Sec. Fiber Wt . - 1.42 ■> SP. GR. of fiber 
*** No. Specimens in Spec. /No. specimens tested 

(1) at 450 K( 350F) test temp. 

(2) external gelation not typical of internal 

(3) panel thickness oversite 
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Table LXXXIV. Q.C. Data Summary - Hybrid Prepreg (Specification 4013163-485) 


Addendum 


PrepreR Lot No. C9~480 



Date Received 7- 

13-79 

PreprcR Type NRl 50A2/T JOO/S 



Expiration Date 

— 

Quantity 10.25 Rr( 22.6 lbs) 



Resin Batch No. 

El 7602- 7-1 





E1 7602-7-2 

A. Graphite Data: 

Vendor 

JffTL 


Accept Reject 

Batch No. 

575-2 




Tensile Str. ,MPa(Ksi),Avg. 

3248(171) 


2827(4lO)Min. 

X 

Tensile Mod. ,GPa(Ms i ) ,Avg. 

239(34.6) 


200/234(29 - 34) 

X 

Dens ity ,gms/cc ,Avg. 

1.75 


1,785-1.827 

X 

B. Prepreg Data: 





Graphite, gms/m^i f t2 )Ayg. 

102(9.5) 

• 102(9.515) 

11014.0(10.210.4) 

* X 

Individ. Specimens*** 


1/4 

2/3 

X 

Sec .Fiber, gms/m^( f c2)Avg. 

32(3.0) 

30(2.828) 

3813.0(3.510.3)** 

X 

Individ. Specimens*** 

3 

1/4 

2.3 

X 

Tot. Fiber Wt. ,gms/m2(ft2)Avg 

35(12.5' 

133(12.343) 

14714.0(13.710.4) 

X 

Individ . Specimens*** 


2/4 

2/3 


Resin, groa/m2( f t2 )Avg. 

75(7.0) 

82(7.612) 

7915.0(7.310.5) 

X 

Individ. Specimens*** 

3 

4/4 

2/3 


Vols. ,X wt . ,Avg. 

18.4(1) 

16.3 

182 Max 

X 

Individ. Specimens*** 

3 

4/4 

2/3 


Gel Time, Mins. (? 383 K(230° r) 

1 (2) 


40 Min. 


Flow,t(3 383 (230' F) 
Visual Discrepancies 
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C. Laminate Data Panel No. 


XNR-IO 



Roll No. 's 

Gel Time in Die, Mins. 
Thickness , cm( in. ) 

0.079 

0.080 

0.08010.002 

X 

Flex. Str. («RT,MPa(Ksi) 

1269(184) 

1462(212) 

1345(195) 

y 

394 K(250*F).MPa(Ksi) 

848(123) 

1289(187) 

1172(195) 

X 

Flex. Mod. 0RT,CPa(Msi) 

99(14.3) 

100(14.5) 

97(14.0) 

X 

394 K(250*F),GPa(Msi) 

97(14.1) 

101(14.7) 

90(13.0) 

X 

SBS Ftr.(iRT,MPa(Ksi) 

■»0(10.1) 

97(14.0) 

97(14.0) 

X 

394 K(250*F),MPa(Ksi: 

57(8.3) 

77(11.2) 

59(8.5) 

X 

Fiber Volume, i 


45/10 

48/12 (6012) 

X 

Resin Content, Z wt. 

28 

38.2 

Report 


Voids, X 

4 

-5.76 

22 Max 

4\ 

Density, gms/cc 

1.4 

1.686 

Report 


D. Material Disposition 





Accept for all usage 


. Reiect 


^ and ( a ) Return to 

Vendor or (b) 

Available for 

Limited Use Only NASA Environmental 

ProRram 


Q.C. EnR. C.C. Murphy D«te: 6 -B- 79 


* Graphite wt. • 5.66 « SP. GR. of fiber 

** Sec. Fiber Wt . ■ 1.42 « SP . GR. of fiber 

*** No. Specimens in Spec. /No. specimens tested 
U ) 1/2 Hr. '.t 589 K(600“ F) 

(2) at 478 K(40(^“ F) 
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NR150 laminate was cut into two pieces and one piece was moisture saturated 
in a steam chamber to approximately one percent moisture v^igh't gain while 
the other half was left in the fully dried condition. Each panel was "PreDoT" 
consolidate at 673 K (750* F) and A1.37 MPa (6,000 psi). The dry sample exhib- 
ited only minor plastic flow of the NR150A2 matrix but considerable extrusion 
and flow of the matrix was noted with the moisture conditioned specimen. 

Initial conclusions regarding the "PreDoT" moisture effect phenomenon 

were : 

• Moisture conditioning of cured NR150 laminates assist in "PreDoT" 
postforming by increasing thermoplastic flow of the matrix at 
lower processing temperatures and pressures. The effects of mois- 
ture on the mechanical properties of the matrix needs to be fully 
investigated . 

• Moisture content of the basic NR150 prepregs may be a basic cause 
of batch to batch processing variables which are affecting industry 
accepcance of this material. 

• Absorbed moisture may be detrimental to highly loaded t!R150 compo- 
nents which operate at high temperatures. Sudden application of 
heat and load may cause thermoplastic flow (yielding) of the NR150 
matrix . 

The scaling up to a larger KR150 airfoil specimen presented problems in 
addition to the batch to batch variability. 

After conducting panel molding trials with the new batch of material, 
the developed process was applied to the larger simulated airfoil specimens 
<"6 in. chord x 16 in. long). Slight residual solvent retained within the 
khick center section of the preform (<1 percent average) created an unaccept- 
able porosity zone during the 673 K (750* F) press molding cycle. 

Four full size specimens were molded in an attempt to devise a satisfac- 
tory staging/cure/mold cycle. Preliminary indications were that oven staging 
the NR150 preform at 533 K (500* F) for >30 hours is necessary to remove all 
free solvent. 

The molding/staging cycle finally developed for the NR150A2/T300/S hybrid 
Task III and IV airfoil specimens was as follows: 


• Staging Cycle 

The assembled preform was supported and lighly clamped in a contoured 
aluminum honeycomb fixture to allow easy release of volatiles. The asseroly 
was placed in a cold oven and the temperature raised at 1.7 K (3* F)/minute 
to 394 K (250* F) and held at that temperature for one hour. The temperature 
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was raised at the same rate to 422 K (300* F) and held for 2 hours and again 
to 533 K (500* F) for 32 hours. Upon completion of the staging cycle «1 per- 
cent solvent remained. 

The solvent contenf was based upon adjacent material samples taken from 
prepreg roll and processed at 588 K (600* F) per the Q.C. solvent extraction 
method . 

• Molding Cycle 

The die temperature was raised to 588 K (600* F) and the preform was 
loaded and 6.89 MPa (1,000 psi) pressure slowly applied. The molding pres- 
sure was increased after lO-minute holding periods at each 6.89 MPa (1,000 psi) 
pressure increment until a maximum pressure of 31 MPa (4,500 psi) was reached. 
The mold was then allowed to cool to 394 K (250* F) prior to removal of the 
molding. 

A total of twelve specimens were molded in accordance with the above pro- 
cedure. The quality of the molding varied considerably despite the controlled 
processing. After evaluation of the NDE C-scanning inspection and visual 
inspection, a total of two moldings were scrapped. In view of the apparent 
success with repn'ssing moisture conditioned specimens (Ref: Paragraph 5.2.1) 

the 10 potentially acceptable specimens were moisutre saturated and repressed 
at 616 K (650* F) in an attempt to improve the molding quality. An improvement 
in the HDE C-scan inspection was noted in all specimens, except two which 
exhibited excessive flow of material from the core during the repressing oper- 
ation. The eight remaining specimens were approved for proceeding with the 
application of the wire mesh LE protection device. 

During the bonding of the wire mesh to the NR150A2 hybrid specimens, a 
serious problem was uncovered. During the rework removal of the wire mesh off 
two specimens, which exhibited wrinkling of the wire, it was noted that the 
adhesion of the wire to the NR150 composite was good but that the outer layer 
of teh NRISO composite peeled away very easily as the wire was being stripped 
off. Moisture degradation of the NR150A2 matrix during the 588 K (650* F) 
pressing after moisture conditioning was suspected. A series of peel test 
specimens were prodjced by bonding wire mesh afrvps tp specimens which were 
moisture conditioned/ press cured 588 K (65C* and specimens i^iich had not 
been subjected to moisture. Additional specimens w* r& prepared in which the 
top layer of material had been removed in case the degradation was only super- 
ficial oxidation. Good adhesion with no laminate failure was apparent with 
the specimens which had not been moisture conditio’^er. and molded at 588 K 
(650* F). All of the moisture conditioned specinens failed within the com- 
posite at minimal peel loads. All eight airfoil specimens had the bonded wire 
mesh removed and all exhibited similar matrix failure. 


• E ffect of Moiature/Repressing of NR150A2 

In order to evaluate the moisture/processing effect* on thi; composite 
mechanical properties, a NR150A2/T300/S test panel wa. fabric; -ed using the 
staging/molding cycle employed for the Task II’ iriril specimrns. Half of 
the molded panel was subjected to the moisture onditioning and repressed at 
616 K (650* F) and the remaining half panel was fully dried and not repressed. 
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The mechanical propertiea generated from teat apecimeni machined from rhe 
two half panel a are aho%m in Table LXXXV. The moiacurized and repreaaed panel 
exhibiCa lo%«r mechanical ptcperciea than the dry panel. A aignificant reduc- 
tion in propertiea can be noted between the "dry" panel and the initial 
incoming Q.C. valuea recorded for this batch of material. Aging of the mate- 
rial and moiature abaorption by the prepreg may be the cause of the lower 
properties . 


5.2.2 Hybrid Specimens - (PMR15/T300/S) 

In conjunction with NASA, PMR15 polyimide 'cesin system was mutually 
selected to replace the problematic NR150A2 as the Tasks III and IV hybrid 
material . 


5. 2. 2. I Process Development 

A total of 11 test panels were molded befote an acceptable material 
quality control specimen was produced. The Q.C. Data Summary Sheet, Table 
LXXXVl shows the vendor (Fiberite Corporation) and in-house information gener- 
ated on the basic prepreg and molded test panel. 

The final process used in the fabrication of the 2 mm (0.060 in.) thick 
Q.C. test panel (PMR-11) was basically; 

a Heat mold to 477 K (400* F) 

a Place preform in mold and close mold down to 0.304 mm (0.012 in.) 
of closure, 

a Hold for one hour (Imidize cycle), 
a Remove panel from mold, 

a Increase mold temperature to 588 K (600* F), 

a Reload panel into hold mold and apply 6.9 MPa (1,000 psi), 

a Hold for one hour at 588 K (600* F) , 

a Cool mold to below 533 K (500* F) and remove molding, 

a Postcure ten hours at 588 K (600* F) 

Free in air-circulating oven. 

The fundamental problems incountered during the process development of i 
satisfactory test panel were; I) removal of excess matrix during the low 
viscosity stage of the resin imidizing cycle, 2) solvent removal from the 
compacted preform and 3) fiber wash during the molding cycle caused by the 
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Table LXXXV. NR150A2/T300/S Effect of Press Molding After Molding Conditioning. 
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Table LXXXVI 


Q.C. Data 


ry - Hybrid Prepreg (Specification 4013163-485) 


CUtt 'C 


Prenree Lot Ho. C1-02S 



Date Received 3-17-80 


Prenrea Tvoe P«15/T30Q/S 



Expiration Date Septeaber. 

1980 

Quantity 11. S kn(26 Iba) (Two rolls) 



Resin Batch No. 






Mft. Date: 3/13/80 



A. Graphite Data: 

Vendor 

MPTL 

Spec. 

Accept 

Reieet 

Bat^ No. 

1019 





Tenailc Str. .MPa(Rai),Avg. 

3268(676) 

— 

2827(6l0)Min. 

X 


Tensile Mod. ,GPa(Hai)tAvg. 

236(36) 

— 

200-236 (29-36) 

X 


Density, gas/cc ,Avg . 

1.75 

— 

1.785-1.827 


X 

B. Prepres Data: 



1.10 t 6.0 



Graphite, gaa/a2(ft2)Avg. 

105(9.80) 

103(9.57) 

(10.210.6)* 


X 

Individ. Speciaena*** 


— - 

2/3 



Sec . P ib« r , gas /a2 ( f t2 ) Avg . 

33(3.02) 

50(6.86) 

3813.0(3.510.3)** 


X 

Individ .Speciaena*** 

— 

— 

2/3 



Tot. Piber Ut. ,gM/a2(ft2)Avg. 

138(12.79) 

153(16.25) 

167±6. 0(13.710.6) 


X 

Individ .Speciaens*** 

13 

— 

2/3 



teain, ga*/a2(ft2)Avg. 

83(7.7) 

96(8.9) 

7915.0(7.310.5) 


X 

Individ . Speciaena*** 

13 

— 

2/3 



Vols.,Z wt.,Avg. 

103(9.6) 

81(7.52) 

Report 

X 


Ir>divid . Spec iaens*** 

3 

— 

2/3 



Gel iiae,Mina.e673«(600‘P) 

0.8 

— 

Report 

X 


Plow,T«650K(3S0* P)69l9a(100 

19.7 

— 

Report 

X 


pai) 






Visual Discrepancies 






C. Laainate Data Panel No. 






Roll No.'s 


1 




Gel Tiae in Die, Mins. 


— 




Thickness, M<in. } 

2.2(0.088) 

0.2(0.075) 

0.08010.002 


X 

Plen.Str.^,IIPa(Kai} 

1165(166) 

1510(219) 

1365(195) 

X 


1396 K (2S0*F),NPa(Ksi) 

1126(163) 

1613(236) 

1172(170) 

X 


Flex . Mod . 0RT ,GPa (Ms i ) 

87(12.48) 

116(16.85) 

97(16.0) 

X 


396K(2SO*P).GPa(Msi) 

89(12.89) 

121(17.5) 

90(13.0) 

X 


SBS Str.^,n'a(Rsi) 

105(15.2) 

109(15.8) 

97(16.0) 

X 


396X(250*P) iPa(Ksi) 

88(12.8) 

95(13.8) 

59(8.5) 

X 


Piber Volime, 1 

— 

59.83 

68/12 (6012) 

X 


Resin Concent, X wt. 

38.2 

28.76 

Report 



Voids, Z 

— 

5.27 

2t Max. 


X 

Density, gas/cc 

0.58 


Report 



Ply Thickness (ins) 

0.0055 






D. Wifrial Di»po«itioB 

Accept for ell ueepe . Reicct end (a) Return to 

Vendor or (b) Available for Liaited Uae Only RASA Envirowiental Proerao 

Q.C. Eng. C.C. Murphy Date; April, 1980 


* Graphite wt. “ 5.66 x SP. GR. of fiber 
** Sec. Piber Wt. - 1.62 x SP. GR. of fiber 
*** ao. Speciaena in Spec. /Mo. apeciaena tea ted 
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"Plastic" flow of tha viscous imidixed resin, k coaplete list of the process 
development 7.62 cm x 17.78 cm x 2 mm (3 in. x 7 in. x 0.080 in.) panels pro- 
duced are shotm in Table LXXXVIl. 


5. 2. 2. 2 PMR15 Hybrid Specimen Fabrication 

Considerable difficulties were encountered in scaling up the PMR15/T300/S 
flat panel process to the 40.6 cm x 15.24 (16 in. long x 6 in.) chord simu- 
lated airfoil specimen size. The fundamental problems exhibited in the flat 
panel process were further complicated by the variation in the "airfoil" thick- 
ness 1.27 mm to 6.3 mm (0.050" in. to 0.250 in.). Fiber "wash" during final 
molding and excess resin loss due to the rapid expulsion of the solvent at the 
477 K (400* F) iraidizing temperature were the major concerns. The goal was to 
achieve a relatively fast economic process cycle tAiich could be applied to 
future blade and vane production. Slow imidizing cycles and long press mold- 
ing procedures were* however, evaluated without any improvement being noted in 
the mold^ part. The list of specimens fabricated during the attempts to 
develop a satisfactory process are shown in Table LXXXVIII. Panels PMR-F8, F9 
and FIO were fabricated using surplus n<R/T300 prepreg since the mR15/T300/S 
available material stock was diminishing rapidly. Panel F3, which exhibited 
two local blistered areas, was also subjected to a 12 hour room temperature 
water soak and repressed at 588 K (600* F) to evaluate the "NR150 moisture plas- 
ticizing/increased flow effect". The C-scan re-evaluation of the part indi- 
cated considerably more delamination occurred as a result of the moisture 
treatment. The process initially evaluated on F3 panel appeared to exhibit 
the best visual quality and C-scan indications of minimvas porosity and, there- 
fore, Panels FIO and Fll were successfully repeated using the same basic pro- 
cess except the initial die closing time was extended to 15 minutes to allow 
improved venting of the solvent prior to imidizing for an additional one hour. 

All the remaining Task 1X1 and IV specimens trere fabricated using this 
process and are listed in Table LXXXIX. A large percentage of the specimen 
exhibit slight leading/ trailing edge damage caused by resin/fiber flash entrap- 
ment between the punch and cavity oi the mold being broken off while opening 
the mold after cooling down to 533 K (500* F) . 

• Postcure Study 

Prior to selecting the postcuring procedure for the Icrge FOD test speci- 
mens, sample test panels 7.62 cm x 17.78 x 2.03 mn (3 in. x 7 in. x 0.080 in.) 
molded in accordance with the method developed for the FOD specimens, were 
fabricated and then postcured. One sample test panel was cut into two pieces 
and one piece postcured by placing into an oven at room temperature and 
raising to 588 K (600* F) at 5.6 K (10* F)/minute and held for 10 hours. The 
panel exhibited severe surface blistering. The second half of the panel was 
subjected to a postcure cycle consisting of 449 K (350* F) for 72 hours fol- 
lowed by a 588 K (600* F) for 10 hours using a similar heatup rate as the previ- 
ous panel. No blistering was evident in the panel indicating that the free 
methanol, believed to be the cause of the blistering , had been removed by 
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Table LXX3CVIII. Process Develoi»eot PMl'.lS FOD Test Panels. 


ipec im» 

■o. 

Prelera 

tft. (OB> 

lAiOitiif Cpele 

m. Attar 

<M) 

Oatftiaa Opel* 

Final Ift. 
<9MI} 

Aeg. Bae* 
mi4rn4 
fkiekaaes 

an ua. i 

rnnaift 

PMi-PI 

4)2 

1 bottf t 477 a <400* r> 
Vltli O.tt m (0.9$5 u.) 

sbias. 

400 

Mb. to sn t (tee* n astc 
■ito ti.e) wt (ttee *•<> 

404 

OtOO 

(0.340) 

FtOer aaaft tap Mriaea 0.294 m 
(0.010 ia.) HareUa 


4)2 

1 tottr # 477 ft <400* F) 
0.43S m (6.«4 U.) 
tkim. 

402 

SM It (tee* r> *t(k u.ot 
(itee e*l> 


0.30 

(3.40J 

toc«* ritoc wt 

PMhP3 

44) 

1 faa«t f 477 K <^0* P) 

»tC4 0.43S m <0«92S U.> 

Bless cXeee eeer 
0.03S m <0.«2) to.) {11 Bie.} 

411 

sao ft ( 000 * r) ateb a .oi Wa 

(1000 Hi). 

494 

0.49 

(294) 

Be ftbar aaaA. 0.254 m to 6.019 
OaHOtM. fm (2) bllataf ttaaa 
taiieaHi aa **C^ memm. 6.127 m 
(0.0629 ia.)/ply Ufh* 

pm~Fk 

440 

t tow # 477 ft <400* F) 
O.0SS V <d.02S til.) ^Um 
slam cUe# ever Imc 3.01 m 
(O.lM t«.) {3 P^ieOl. 

500 

BOOK <000* F) «ltl) 11.03 Wa 

<1006 hO 

m 

4.45 

0.127 K (o.ees to.) owr.«n.e.u? 
tiktr MU. O.U7 ■■ (O.eos to.)/ 
ply lto»P 

pm~n 

401 

Stmtt 9 3000(150* F) I0.U5 m 
(0.931 ift.i eiitas!. BieB 
elee#. Qweretse 4.3S ■■ 

(0.259 ifl.) ia IS i»a. Beiss 
tma* O.SO C/i^ (i* F)/«la to 
477 ft (406* F). BolO 1 haat 


Balsa teapatatara e a 500 ft 
<006* F) . BeU fat 3 Oaftra 
atta 10.34 IVa (1506 psl't 

M2 

1.00 

(0.234C 

TO <M». e* eat iW eft raeia. 

0.1)9 mm (0,0094 ia.f/plp lar^ 

PM-n 
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TabU LXXXIX. Task 


S/ll 

F«rf«ra 

Might 

(sm) 

Might 
4ft«r 
laigiti Ag 
(VM) 

FiMl 

NolM4 

Mig^t 

(nw> 

M1M4 

ThiekM»» 

H(ia.) 

ri 2 * 

403 

371 

370 

6.22 

(0.245) 

FIJ 

406 

376 

375 

6.27 

ri4* 

MS 

37S 

374 

6.27 

(0.247) 

ns* 

406 

375 

374 

6.27 

(0.24;) 

ns* 

M7 

37S 

375 

6.27 

(0.247) 

FIT* 

397 

M7 

367 

6.20 

(0.244) 

ni 

MS 

36S 

364 

6.20 

(0.244) 

ni* 

MS 

36S 

364 

6.20 

(0.244) 

rao* 

MS 

364 

364 

6.17 

(0.243) 

n2* 

39S 

365 

364 

6.17 

(0.243) 

F23* 

MS 

365 

MS 

6.17 

(0.243) 

F24* 

394 

364 

344 

6.17 

(0.243) 

F25* 

401 

371 

370 

6.25 

(0.246) 

F26* 

403 

372 

371 

6.22 

(0.245) 

F22* 

403 

371 

371 

6.25 

(0.246) 


LI and IV PlOt Taat Specisen Data. 


OvMity 

(gM/ee) 

ViM«l Dcfactt 

1.5037 

4 Hour iaiOiM cmm poretity; tli^t adg* 

ittngtil 

1.SM5 

Slight tdft pormtt; nrf«e* rippUs; imII 
fiMr vriiifcU 

1.5055 

Slight (iMr tew uaheaO one eOge 

1.5055 

Om tide petMa * tvrface ripplea 

1.5055 

Slight ad^ dWMced; Mtfaca rippla 

l.SM 

Slight edge daaegedi alight awrface rippla 

1.5«M 

Oeii^ aarfaca taxtwra • bad flaw 

1.50(M 

Slight aurfaca rippla 

1.5947 

Idga danega both aidae; ali^t aurfaca rippla 

1.5000 

He i^paraec dafacta 

1.5052 

Slight adga dnaagad; alight aurfaca rippla 

1.5033 

Slight ad^ dMMgad; aligh^ aurfaca rippla 

1.5044 

Edge daaage boh aidae; aurfaca ripplaa 

1.5019 

Edge dmaga both aidae; aurfOM ripplaa 


1.5S70 


fillet Mtrfae* rippl* 












diffusion St the lower teopersture. In order to evsluste the effects (or 
t^ed) of the postcure cycle, tiro panels were fabricated for aechanical prop- 
erties deteraination. The effects of no postcure were evaluated with Panel 
No. 14, and Panel Mo. IS was cut into two pieces, one half was postcured for 
20 hours at 450 K (350* F'^. The results are tabulated in Table XC. Although 
additional post curing after press molding does not appear to improve mechani- 
cal properties (up to 394 K (250* F)], all the FOD test specimens were sub- 
jected to additional "postcuring*’ at 449 K (350* F) to resove any free solvent. 


5.2.3 Superhybrid Specimens 

A total of fourteen (10 Task 111 and 4 Task IV) superhybrid specimens 
were fabricated using the fiber or i£:ntat ion/ layup design shown in Figure 56. 

The surface preparation of the Titanium 6-4 and the boron/ alumintra foils con- 
sisted of light grit bleating using 120 aliaina grit and 0.4 MPa (20 psi) pres- 
sure and apply a 3M primer PA-3917. After air drying the primer for 2 hours 
at room temfwrature, a film of AF-147 3M adhesive was applied to the bonding 
surface in accordance with the ply stacking sequence shown in Figure 56. The 
assembled preform was placed into the preheated mold tool [422 K (300* F]. The 
iM>ld ims closd at a pr^etermined closure rate using a maximum pressure of 
5.17 MPa (750 psi). The part remained in the die under pressure and tempera- 
ture for 2 hours. Immediately upon rraoval from the mold, the specimen was 
transferred to the postcure oven operating at 450 K (350* F) for four (4) 
hours. The si^cimens were subjected to NIE C-scan inspection prior to apply- 
ing the nickel plated leading edge protection device. NDE C-scan equipment 
par^eters were established to determine more realistic "defect indications". 
The first »'*ght specimens C-scanned indicated that varying degrees of porosity 
existed within the CMi^site core section of each specimen. The differing 
gelation times, at the molding temperature, of the AF147 Adhesive film ai«i 
the SP313 core laminating resin, in addition to high voltmeric squeeze out of 
the AF147 [0.29/s^ (0.06 Ib/ft^)] adhesive were believed to be the cause of 
the varying porosity. Although each specimen has been processed using the 
die closure time/distance curve, slight umMasurable deviations crea*'ed 
porosity within the core laminations. Relatively fast die closure rates irore 
required to «cpell the surplus adhesive between the metallic foils prior to 
Che gelation of the AF147 which affected Che retention of the SP313 core 
matrix. Nonstandard lower weight adhesive films irith extended gelation 
times would rectify Che problem for future smilar design specimens. 

The manufacturing data including the nickel plated idre mesh inspec- 
tion records for the 14 superhybrid specimens are shown in Table XCll 


5.3 LEADING EDGE PROTECZION SYSTEM 


A leading edge protection system comprising of a 0.254 mm (0.010 in.) 

314 staiwiess steel foil bonded with a unique polyurethane elastomeric adhe- 
sive system wss considered as an alternate to the nickel plated wire mesh sys- 
tem developed by General Electric (U.S. Patent No. 3892612 - Method for Fabri- 
cating Foreign Object Damage Protection for Rotor Blades). 
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Table XC. Effect of Postcure on ProperCiea of PMR15/T300/S Laainates. 




Table XCI. Tasks III and IV Hybrid Speciaen Manufacturing Data. 
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Table XCIl. Tasks III and IV Superhybrid Speciaen Manufacturing Data 
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Initial balUatic i«pact evaluation of the alternative ayetem on the Air 
Force F103 Bl^e Pr<^rMi (F336l5*'74*C-5072) appeared proniaing. A typical 
F103 bl^e aiidapan POD airfoil aection apeciaen auatained a total of eight 
iapacta of 108 paa (3.8 oa.) aimulated bird at varying velocitiea up to 335 
o/aec (1100 ft/aec). Although conaiderable deformation of the leading edge 
occurred during the teata* the ateel foil remained bonded to the compoaite. 
Prior to committing to the uae of the mv protection device for Taaka III ai^ 
IV, a preliminary Miature/teaperature capability study of the polyurethane 
film adhesive «ma co^ucted. Aluminum aingle lap ahear teat apeciaiena mere 
fabricated using the ^ polyurenthane film 0.152 os (0.006 in.) a»dified with 
the thermoaet adhesive ra288. Fifty percent of the specimens mere «iet con- 
ditioned by inMrsing in water 355 K (180* F) for 4 days. The significant 
rediKtion in properties, illuar.rated in Figure 59t caused by t«iperature and 
moisture, negated the uae of thi^ syst^ for Taaka III and IV and, therefore, 
all the speciMna were fitted with the originally selected nickel plated wire 
mesh as the protection device. 


5.3.1 Nickel Plated Wire tteah Leading Edge Protection Syst^ 

Ihe selected nickel plated wire mesh protection device basically con- 
sists of an aimeal«l 316 stainless steel 100 smtsh wire cloth secoidary boiuied 
to the leading edge of the mold^ specimen using Netlbond 328 (NAS1(^) (X 
Spec. AS0TF104-Class C adhesive. The surplus cured adhesive is removed from 
the external surface of the wire cloth until the wire is c<»plet«ly exposed. 
The wire surface is electroplated using a sulfamate nickel plating solution 
to the thickness shown in Figure 54. The varying thickness/contour of the 
nickel plate is achieve by the use of "thieves" and shielding built into the 
pistil^ fixture. After plating, the leading mige contour is benched to final 
dimensions. 

Tik> prototype specimens were process^ by Holman Plating, I^yton to 
establish the plating procedures ami to ensure a satisfactory quality level. 
Plating hardness inspection on the two specimens exhibited hardness values of 
Rocktiell C31.5 and C32.5 respectively uhich was well within the General 
Electric plating specification limits (GE Spec. 4013192-654). 

' The fabrication data reeonis for the plated and finished specimens are 
shom in Table XCI Hybrid Specimens and Table IK^II Superh^rid Specuens. 


5.4 SPECIHEH MOISTURE CONDXTKHIIHG 


The completed specimens were subjected to a quality review by Design atui 
Manufacturing personnel ai^ allocated to specific tests. Table XCIll abowa 
the test matrix/ specimen allocation for Task 111 spec^Mns and Table XCIV, the 
Task IV Plan. 

The Task 111 specimens were lupplied to Cincinnati Test Laboratories for 
moisture conditioning together with three additional calibration specimens to 
determine moisture saturation parweters. A basic PMR/T300/S molding with no 
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Td^le XCIV. Te«C N«trix/Sp«ciaeitt Allocatitm 
Task IV - Uiirligig Teats 

(Speciaetu Fitted With Titaaita Adaptors) 


SpeciasQ 
Des ign (Mater ia 1 } 

Superiiybrid 

(SP313) 


Test Twperature Coitdition 
294 K (7()' F) 394 K (250“ F) 

S/M SPIII-4 S/S SPUI-6 

S/N SPIlI-12 S/M SPIII-14 


Hybrid 

(nstis) 


S/H BStF-23 S/M WffiF-l4 

S/M PISF-24 S/M HOF-25 



protectioo (S/M FMR-F2) ms eondicioaed sc 355 K (180* F)/97% 8H to detenine 
the fully sstursted “wet” and “wet spike” tiae scale for all speciaens and a 
siailar spec'MB fabricated using ra288/AS/S naterial (S/M reiII-2) was 
employed to stecaiioe the **dry“ corniitioniog j^rasMters. k third specimen 
constrMted of B1288/AS/S auiterial with lading edge protection ms included 
for conparison. The basic conditioning plan and procedures for the Task 111 
“Mt" speciaens ms as foll<MM: 

e Ikry all speciMns for 24 hours at 394 K (250* F) 

e Record speciMn Might 

e (k>ndition all Task 111 “mc“ specimens ami the three calibration 
specimens at 355 R (180* F)/97Z KB 

e Monitor Might gain percentage «ul grai^ically plot against time 
'days) for each calibration specisien awi (Hte of each design test 
specimM 

e “Saturation” tiaie ms determined by the levelling out of the curve 
for the PlflU.5 (no IE protection) specimen. (S/M FMS-F2) 8ef: 

Figure 60 - Conditioning parMeters for Tasks III and IV specimens 

• Rouive specisMns on the day of test (>X days) 

e Becoxd wisture percentage Might gain 

e Conduct torsional rigidity inspection. Determine load require! to 
twist speciMn through an angular displaceMnt of 2 degrees 

e SpeciMns wrapped tightly in aluminta foil and passed to the 
Itoiversity of Ihiyton for impact testing. 

The “dry” M>isture conditioning procedure for the Task 111 specimens ms: 

a Ihry all specime'^s for 24 hours at 394 K (250* F) , 

• Record specisMn Might, 

• Condition “dry” specimens at 355 K (180* F)/97Z RB for y days '^2 hours 

(Kef: Figiffe 60), 

a Record Moisture percentage Might gain, 

a (k>nduct torsional rigidity inspection. Determine load required to 
twist specimen through an angular displaceMnt of 2 degrees, 

a SpeciMns wrapped tightly in aluminum foil aiui passed to the 
University of Dayton for impact testing. 
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the FMB/T^/S **«et** calihratioa apeciaen no leaiing ^ge protection 
(S/H IMIF-2> i^icat^ foil aatoration U.18 percent) after 41 4ayc hoaidity 
conditioning aa ahotm in Figure 61. 'Die coaparative FR288/AS/S "dry" calibra- 
tion apeciaen had i^aoi^^ 2.18 percent aoiatiire in aaM tiM perit^. '^e 
two aelect^ Teak III teat a^c^na, vi& the leadii^ edge protection ayat»* 
hybrid S/N FH8F-27) ami <me auperh^rid (S/N SPIII-5) together with a baaic 
ra288/i^/S apec^n (S/M ISlII-3) with the leading edge protection applied ware 
Bonitored trader the aawe huaidity coi^itiona (tef: Figure 62). 

the redttt^ aoiature abm>rption cauaed by the fifty percent of the h^rid 
coapoaite aurface area being clad mth the nickel plate ami the auperhybrid 
titaniua foil cladding of the airfoil can be m>ted in Figure 62 coapar^ to 
Figure 61. the alight weight gain of araiature in the auf^rh^rid deaign ma 
created by miiatrare ingresa into the ocpoaed coapoaite core/adheaive joint# 
at Che cut end of the apeciaen and the joint line between the outer foil lay- 
era at the trailing edge. 

The Taak 111 apeciaen aoiature conditioirad weighta ami preuipact atuk 
poatiapact toraional atiffneaa aeasureaenta are ahom in Table IKV. 


5.5 TORSIOBAL STIFFWESS CALIBgATlOM 

Cl 4 »pa were fabricated to mlapt the Taak III apeciaena to the toraional 
atiffneaa apparatua uaml in Taak II (Ref: Faragra^ 4.5). Two noainally 

dry calibration apeciaena, one hybrid deaign ^111-3 (PR288/AS/S Material) 

«sd one auperhybrid apecuen SPIll^, were aid>jected to torqira lomla required 
to twiat tile apeciMn through 0.5, 1.0, 1.5 ai^ 2.0 degree anglea. The reaulta 
of the equipaent/apeciaen calibration triala are gra{diically shoira in Figure 
63. 4n ra^ular diaplaceaent of 2 degree# waa aelected for aeaaurenant of the 
toraional atiffoeaa of the apeciaena before raid after iapact aa a aeana of 
qualifyii^ iapact daMge. Tablea XCl, H^rid Sf^ciMna, XCIl, Superhybrid Spec- 
iaena tabulate the load required to twiat each apeciaen throi^h the 2 degreea 
angle in the pre-iapact ami poat-iapacC cooditiona. 


5.6 BAU.IST1C IlffACT TESTIHG 


The puT|K>ae of the iapact teating waa to evaluate the effect# of traipera- 
ture and araiature on the balliatic iapact reaiatance of the two different 
aaterial/conatruction deaign apecia^a. Multiple iapacta wre condirated on 
each apeciaen to deteraine the threahold level there initial local douge 
b^an to occur. A total of 86 iapact ahota were conducted on tiie 20 Taak III 
apecia^a. 


5.6.1 Equipwtnt Calibration 

A apare h^rid coapoaite apeciaen waa aupplied to Che Univeraity of 
Dayton for the {rarpoaea of calibrating the equip^nt for the 219 K (-65* F) 
and 394 K (250* F) traaperature coi^itiona. 
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PR288/AS/S (S/N PRIII-2) 





Figure 62, Task III Moisture Calibration SpeciaiensMoisture Weight Gain Percentage GpaciMms 
with Leading Edge Protection. 



Table XCV. Task III Specimen Moisture Conditioned Weights and Torsional Stiffness 
Measurements (Report No. TI-3557) . 



ftpaciMtn Langth 38.1 (13 in.) long Nott: 1) Pra-Condition: 24 hour* at 394 K (230* F) 

2) Dry-Condition: 2 Days 8 355 K (180* F)/972 RH 

3) Wat Condition; 333 K (180* F)/97X RH till satnracion 






I:,,., 



A hol« waa drillad within the apeeiaen tip aueh that a thenaocouple could 
be poaitioned internally within the apeciaen. Ihia internal taaperature waa 
util iced aa the reference teaperature for the hot and cold temperature require* 
aenta. Figure 64 ahowa the depth aiul location of the hole at the apeciaen tip 
.v»d the location in the calibration teata. 


the cold aiui hot apeciaen teaperature requireaenta were achieved by 
encloaing the teat apeciaena in an inaulated ei^loaure (Figurea 65 at^ 66) 
ehich ma fabricated of 1.5 ca (0.625 in.) thick particle board. The teapera* 
ture in the encloaure waa maintained uaing liquid nitrogen for 219 R (*65* F) 
teata (Figure 65) and a reaiatance heater (blower) to achieve the 394 K 
(250* F) temperature (Figure 66). Calibration curvea ^re geMrated for the 
deaire] traperature requirement. Figurea 67 atui 68 preaent temperature 
versus time plots for ^e 219 K (-65* F) and 394 R (250* F) temperatures, respec- 
tively for the hybrid composite specimen used aa a calibration s^ciaen. 

Notice that the temperatures were overshot in both teaperature requir^ents. 

The insulated box %as then r<naoved and the test specimen to be impacted was 
permitted to either cool down or warm up depending on the teaperature require- 
sMint. For the actual impacts, only the surface temperature at the root was 
w>nitored and the calibration curves were used to determine tdtat the surface 
tanperature had to be to have the internal temperature at the desired level . 

In the case for the 219 R (-65* F) shots, the skin temperature was 216 R (-70* F) 
idien the internal teaperature was at 219 R (-65* F). In the case for the 394 R 
i (250* F) shots, the skin temperature cooled back to 366 R (200* F) %^en the 

t internal temperature w at the desired 3% R (250* F) level . 18\en the desired 

t temperature levels were reached, the specimen was impacted with a full bite of 
the artificial bird. 


5.6.2 Impact Tests 

The tests were conducted in accordance with the specimen allocation and 
I test matrix shown in Table XCIII. The 85 grams (3 ounce) microballoon gelatin 
"bird" was launched such that the idiole "bird" (fullbite) «x>uld impact the 
specimen leading edge. In some cases, a small piece of the bird would be 
sliced by the leading edge which did not impact the specimen. In the case 
idiere slicing occurred, a catching system positioned directly behind the 
specimens to capture the portion of the bird not impacting the specimen such 
that an accurate impact mass impacting the specimens could be calculated. The 
specraens were impacted at a starting velocity of about 152.5 to 183 m/ sec (500 
I to 600 ft/sec) at an incidence angle of 25 degrees. After the first impact, 
the test velocities were then increased in incr^ents of about 22.9 to 30.5 
{ m/sec (75 to 100 ft/ sec) until initial local composite dmage was achieved, 
t Daa^e was determined by ultrasonic hand scanning and visual inspection of 
I each specimen after every impact. 

I 

t A sketch was made of any damage resulting from the impact. Figures 69 

{ through 72 show the resulting dmage to the specimens tested at 219 R (-65* F) 

I 'dry', Figures 73 through 77, 294 R (70* F) 'dry'. Figures 78 throt^h 82, 294 R 

I (70* F) 'wet'. Figures 83 through 87, 394 R (250* F) 'dry' and Figures 88 
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Figure 71. Hybrid Speciron (RSF-13) I^act Draage Tested at 
219 K (“65* F) Dry. 
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Figure 83. Superl^r^ SpeciMu (8PII1*3) If^ect l^Mge Tested 
et 394 K <250* F) Dry. 
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Figure 88. Superhybrid Specimen (SFIII-11) I^pect Damage Tested 
at 394 K (250* F Wet. 
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Figure 90. Superhybrid Sp^lnen (SPII1'13) Iiq>act D«juige Tested 
at 394 K (250" F) Wet. 
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Figure 91. Hybrid Speclaen (raRF-26) Inpact Damage Tested at 
394 K (2.50* F) Wet. 
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dirot^ib 92 , 394 K (250* f) *mt* eonditioa. ProMtura imboadiag of Ch« Ic^i^ 
•dge protoctloo tm* aot elattifiod failure aad the velocity of the projec- 
tile Ml increaa^ imtil daa^e occurr«l ia the coapocite airfoil eectioa. 

Moisture degradatioa of the Metlboad 328 adhesive, used to boad the irire 
SMsh platiag si^strate, was suspected to be the prhsary cause of the prenature 
boad failure coupled with the high peel forces iadti»ed duriag the «ctr«ie flex- 
iag aad twistiag of the csseatially flat plate-like speciaea durii^ iapact. 

Bach speciMa ims sid>jected to posttest ultrasoaic C-scaa iaspectioa 
prior to evaluatiag the loss in torsion stiffness. A c<»plete svaraary of the 
ultrasoaic inspection records and the iafMct data are shown in Tables XCVI 
through CV. 


S.7 IMPACT DATA EVALUATION EESULTS AMD CC»iCLl»IOMS 


The i^rpose of the iapact testing in Task 111 was to determine the 
effects of environaental conditioning on the ballistic iapact draage charac- 
teristics of simulated airfoil specimens which inclined a leading edge protec- 
tion device. 

Unlike the testing in Task 11, the impact velocity of the projectile was 
increased progressively to assess the damage threshold level of each design 
specimen. Multiple impacts were conducted on each specimen at velocities 
rmging from 120 to 275 a/ sec (400 to 900 ft/sec) utilising a simulated star- 
ling size gelatin "bird" of -85 gr^s. 

Prenature failure of the nickel/wire mesh leading edge protection device 
unfortunately overshadowed the test results on nearly all the twenty panels 
tested. Failure analysis of the leading edge protection indicated that 80 
percent of the delamination had occurred at the wire mesh to composite inter- 
face and IMS cohesive type failure in the Metlbond 328 ^hesive. The rmsain- 
ing 20 percent was associated with poor mlhesion between the nickel plate to 
wire mesh, probably caused by poor surface activation prior to electroplating. 
The nickel plate was also brittle with many of the specimens showing ee* ly 
signs of cracking and spallation. 

Despite thr leading edge problems, an attempt was mi^e to characterize 
the data in terms of threshold dmnage level by comparing percentage dclnina- 
tion versus normal impact energy for both the leading edge protection and that 
sustained on the hjd>rid or superhybrid c<»iK>site. These data are svnarized 
in Figures 93 through 97. 

The observations and qualitative conclusions for this data are: 

e The superhj^rid (SPlll series) the hjd^rid (^RF series) speci- 
mens tested at 219 K (-65* F) condition ii^icated good correlation 
anl least inconsistency from any other test c<mdition. 
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Table XCVl. Task III Speciaen lapact DaCa and Inspection Records 



«bl« XCVII. Task III Specinen Impact Data and Inspect imi lacords. 
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Table XCVIII. Task III Speciawn lapact Data and Inapeccion Recorda. 
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Table C. Task IH Specinien Impact Data and Inspection Records. 




Table Cl. Task III Specimen Impact Data and Inspection Records 
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Tabl« CIII. T«»k III Spacimaii Inpact Data and Inapection R^corda 



Table CIV. Task III Specimen Impact Data and Inspection Records. 
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Figure 94. Impact Energy /Delamination Correlation Test Condition 







Figure 95. Impact Energy/Delaminatlon Correlation Test Condition 294 K (70* P) Wet 
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Figure 97. Inpact Energy/Delanination Correlation Test Condition 394 K (250* P) Wet 


Th« threshold donige l 4 «el to the coaposlto ■t^etreto, teetod et 219 K 
(-65* F) appoered higher for the eu^rhyhrid speciMiie C^SO joulee 
(*2M ft-lb)] eoaper^ to the h^rid apeciaens [^27 joulee 
(^00 £t-lh)J. 

The failure of the leadi^ edge adheeive at the vire to coapoaite 
interface, occurred at a lower energy level and produced higher dn- 
age levels for the wet coi^ition apcciaMoa idien tested at both 294 K 
(70* P) mad 3M K (250* F). Moisture degradation of the Metlbond 328 
adhesive is deased to be the pr»aturc cause of the boi^ failure. 

Dmage to the c«sposite sid>strates for all test conditions was gen- 
erally of low aagnitude (below 5 percent delsaination area) with 
little or no indication of being aore severe for wet versus dry 
conditions. 

Coeposlte dmage was alaost entirely confined to the trailing edge 
of the speciaen, especially at the free tip section. The hybrid 
coaposite speciaens exhibited initial rvlial cr^ks and the super- 
h 3 d»rid speciaens foil delaaination in this sone. 

Fifty-five percent of all the speciaens exhibited cracks in the 
SOM of the support clmp intersection. Sixty percent of the super- 
h]^rid and fifty percent of the hybrid speciaens show^ early signs 
of failure coamMing in this area. Cracks in the clap sone were 
less pre^'alent in the speciaens tested at the elevated teaperature. 
This was attributed to the softening of the adhesive and distrib- 
uting the stress concentration at the sharp intersection. 

Ranking the speciaens by test condition and by design (hybrid versus 
superhybrid) as shown in Table CVl Indicates the superh^rid design 
to be superior at all test taperatures and environaental condi.:lons. 
The ranking ws accoaplished by capering the noraal iapact energy 
required to initiate doage to the coaposite substrate. 
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6.0 TA6K IV - SIMOLATED BLADE SPIM IMTACT TESTS 


the basic iMrpoaa of Taak IV was to conduct djmaaic uhlrligig impact 
taatlng on slBilar moiature condltionad apaciaMiis to the deaigna uaed for the 
Taak III static impact aval'^ation. 

A spac^n rig fixture was design^ and four sets of the titanim speci- 
men adaptor shoes (outsorts) vere procured, the asset^Iy shown in Flg-ire 98 
consists of an existing tdiirligig disk and trixinion, a Icc&ting plate to pro- 
vide the 25 degrees incidence angle and a pair of dovetail outserts bonded 
to the cMiposite specimens. transverse clamping bolts were provided to 

hold the specuMn between the outserts during the boiling operation. 


6.1 SPECIlfIN FABRICATION 


/m the Task IV specimens \#ere manufactured in parallel with the Task tXI 
specuMns and were allocated to the specific test temi^ratt’^e matrix as shown 
in Table CIV. 


6. 2 AINiESlVE EVALUATION 


Preliminary bonding trials were coixlucted to determine the procedure for 
bonding the titanium rig adaptor shoes to the test specimens. In order Co 
prevent moisture degri^ation during joi^itioning of the Hetlbond 328 bondii % 
adhesive, as experienced in Task III leading edge bonding, the exposed cir n- 
ium shoe/ specimen boixlline was planned to be sealed with a silicone RTV 
r(d>ber . 

A series of titaniiA lap shear specimens were prepared to determine the 
effectiveness of RTV silicone rubber as a moisture barrier to prevent degr^a- 
tion of the Task IV specimen boi^ to the titaniimi rig adaptor shoes during 
moisture coi^itioning. The 2.5A cm ( 1 in.) wide by 1.25 cm (0.5 in.) overlap 
single lap shear specimens were bonded with the selected adhesive Hetlbond 
328. The silicone rubber (RTV 106) was applied as a bead over the exposed 
bond line and allowed to fully cure. The specimens were humidity conditioned 
at 355 K(180* F)/97X relative humidity. Preliminary indications after seven 
days humidity exposure was that the RTV silicone rubber appeared to be acting 
as an effective moisture barrier. Table CVII lists Che test specimen results 
obtained after seven ^ forty-tw) days exposure. ?orty-C«io days was "full 
saturation" condition based upon the Plffil5 unprotected Task III specimen. The 
forty-two day exposure tests, however, ii^icated (for this adhesive) that the 
moisture is slowly permeating through the RTV film barrier, and eventually, 
will reach full saturation. The moisture saturation after forty-t«x> days 
severely degraded lap ^car properties reteining only 15 percent strength on 
Che exposed bondline specimens and 40 percent strength on the RTV protected 
speemns when tested at 394 K(250* F). 
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Table evil. Hetlb<md 328 Adhesive Tests. 

Effects of 8TV Silicon Rubber Barrier During 
Moisture Conditioning 


Speciamns Conditioned for 7 Days at 3S5 K (180* F)/f7Z RH 


Spec iaen 
Design 


Unprotected 


Protected vith 
RTV Silicone 
Rubber 


Test 

Temperature 

*K(*F) 


Protected %ri.th 296 K(73*F) 

RTV Silicone 

Rubber 


^ear 

Strength 

MPa(psi) 


12.96(1880) 
394 K(250*F) 4.62( 670) 


8.83(12.^) Avg. 


16.0 (2320) 
394 K(250*F) 16.48(2390) 


16.27(2360) Avg. 

11.7(1690) 
12.5(1820) 
12.1(1760) Avg. 


Type of 
Failure 

90% iMhesive 
100% Adhesive 


15% Adhesive 
10% Adhesive 


50% Adhesive 
50% Adhesive 


Specimens Coi^itioned 42 days at 355 K (180*F)/97% RH 


1 r 

Test 

Shear 


f Spec imen 

Temperature 

Strength 

Type of 

1 Design 

1 ! 

*K(*F) 

MPa(psi) 

Failure 

1 Unprotected 

394 K(250*F) 

2.48(360) 

100% Adhesive 

1 

1 


2.27(330) 
2.‘38(345l Avg. 

100% Adhesive 

1 Protected with 


6.96(1010) 

75% Adhesive 

1 8TV Silicone 

394 R(250*F) 

5.65( 820) 

75% Adhesive 

I Rubber 


5.65( 820) 

75% Adhesive 

V. 


7.38(1070) 

75% Adhesive 


Unprotected 


296 K(73*F) 


Protected %rith 296 K(73*F) 
RTV Silicone 

Rubber 6. 93 (IOC ) 


6.4 ( 930) Avg. 

6.0 ( 870) 

6.62( 960) 
7.24(1050) 
6.93(1005) Avg. 


100% ^hesive 

75% Adhesive 
75% Adhesive 


Protected Specimen 
RTV Bead 


Specimen Design ASTM D1002**72 
Bond line Thickness 
0.0076 ca(0.003 in.) 


Ihe Im# test of the aK>istttre eoQditioiHMi epetiaeae indicated that 

the botad strength of the titaniusi shoes to the speciaen would be inadequate 
to withstand the applied stress during the spin test. Ihe Task IV spin tests 
were I therefore, eliainated froa the prograa. General Electric has dcsK>n- 
strated, during the execution of the Air Force F103 Coaposite Blade Prc^rsa 
Contract F3361S-74-C-S072, good correlation between tdiirligig dynsaic impact 
dasage atul static testing of the saM airfoil. Therefore, it is believa! that 
the Tasks II ai^ 111 static testing yielded sufficient technical data to ful~ 
fill the aias of this prograa. 

One Task IV speciaan was coapletely finalist with titaniua bonded shoes 
before the decision was aale to eliminate the «diirligig rig tests. Figure 99 
shows Speciaen S/R SPIlI-6 with the titaniua shoes bonded to the specuan to 
fora the rig attacl^nt feature. 



Figure 09. Task IV Specimen with Bondetl Titanium Rig 
Adaptor Shoes. 
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7.9 cowajsiof m tmemamaiom 


B« 0 «d upon tb« r« 0 olt 0 duriat tb« accution of the Tasks 1, 11 « 

imA 111, the followi^ eoaelusiotts iiere •■sde: 

• The pr<^rsB dcaonstrsted the superior iapect resistsoce of the 

superh 3 d>tid eo^ept for conposite fen bilges st both 294 K end 3^ K 
test teaperstures sod lAen enviromentslly coaditioMd to s fully 
Moisture ss:.urs£ed state (*Hiet'') ai^ rdien subjected to .a abrupt 
teMperature excursioo in a saturated CMdition ("wet spike"). 

e The titaniuB outer foil layer used in the superhybrid construction 
^ts as a M»isture barrier dtereby preventing w>isture degradation 
of the loderlying foil bonding adhesives ai^ the polya^ric composite 
core Materials. 

e The lower ^iperature capability polymeric conposite systems are 
Aversely affected by full moisture saturation idien tested at tem- 
peratures near the resin glass transition temperature (Tg) . The 
moisture plasticises the resin matrix lower ii^ the temperature capa- 
bility of the composited system. 

a Hoisture absorbed, at mabient conditions (294 K/50Z RH) by T300 
graphite reinforced composites, using the three selected matrix 
materials, does not affect the mechanical properties. 

a Ifil5(^ composite materials absorb <mly thirty percent of the mois- 
ture saturation of the two epoxy systems. 

a lStl5(}A2 composite systems exhibit superior transverse flexural 

properties in unidirectional lainates resulting in improved impact 
resistance compared to the epoxy matrix systras evaluated. 

e The leading edge protection device failed prematurely in Task III 
dtM to the moisture sensitivi*'y of the Metlbond 328 used for bond- 
ing the wire mesh nickel plating substrate. 

e A large percentage of the cantilever supported impacted specimens 
exhibited local cracking in the zom of the support clamp. 

Rccomi^ndatioos 

e The superhybrid concept for fan bli^e applications is worthy of 

further development. The impact testing conducted in this pre^m 
reinforced the findings in the previous NASA progrms conducted by 
General Electric, Progm RAS3-20402 "Metal Spar/Suiwrh^rid ^ell 
Composite Fan Blades." 
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• Future ii^et teetiog of iueuleted eirfoil epeciaeiie should he con- 
ducted ueing the free-free aethod of ''eupporc** to elwinete the 
overehi^ouing effect of speci^n creckiog et the cleap in the centi- 
l<arer eupiwrt aethod ueed in the prt^rea. 

e Although the prograa illustrated the adv^^rse effects of ^isture on 
polTBeric coaposite aaterial properties « in true life enviroioiental 
conaitions, the c exponents do iu>t reach full saturation. Ss.^11 
aaounts of absorbed aoisture have little effect on coaposite prop- 
erties. In future studies it is recosm^ed that the true service 
conditions be evaluated for the particular coaposite coapoi^nt to 
determine the realistic degree of iroisture saturation likely to be 
encountered. In order to typify this recoi^ndation» \te refer to 
seme in-house work comiucted at General Electric in deteraining the 
aoisture saturation level required for a aaterial design criteria 
sttdy for a coaposite design thrust reverser. 

A typical aission cycle was devised for the CF6-50 Thrust Reverser 
(Figure 100a) which is believed to be an exaggerated case of an aircraft con- 
tinuously operating out of Miasi, Florida during the summer season where air- 
craft skin temperatures of 333 R(140* F) and acetmipanying 97% relative humidity 
conditions have been recorded. 

Mine different caiwlidate resin/ fiber reinforcement coabinations were eval- 
uated using 12.8 CB X 15.24 cm x 2 Sum (5 in. x 6 in. x 0.10 in.) laminates. 

e Re8ins(4S0 K(350* F) Systems] 

Fiberite 976 
Ferro CE9000-2 

- Cyanmid BP980 

e Fiber Reinforements 

120 Style E-glass fabric 
T300 24 X 24 Style fabric 

- Kevlar 285 Style fabric 

The test panels were initially subjected to six days at 333 K(140* F)/972 
relative hiasidity simulating an aircraft inoperative on the ground prior to 
conducting 10 typical mission cycle exposures. Each mission cycle consisted 
of a thermal spike of 394 K(250* F) for five minutes to Simula^ maximira take- 
off temperature likely to be encoimtered by the thrust reverser followed by 
conditioning at 218 K(-67* F) for hours tmder partial vacuum simulating 
flight conditions at 40»0^ feet altitude. Hie panels then were subjected to 
333 K(140* F)/97% relative humidity for one hour to be representative of the 
aircraft grouped between flights. Figure 100b gra|diically illustrates the 
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Figure 100. Determination of True Moisture Level in Composites Under Service 
Conditions. 




t^ical ^lorpt ion/ desorption idiich occurs during the first cycle due to ini- 
tial Misture conditioning/heating and drying out on the Fiberite 976 loii- 
nates. Typical m>isture absorption curves for the three reinforceaents coa- 
bined with the Fiberite 976 resin systea aiul exposed to constant 333 K(140* F)/ 
97X relative htaiidity are shown in Figure 100c. The effect of the multiple 
mission cycles on the moisture content of the Ininates are shoim in Figure 
lOOd. The T300 graphite end the E-glass fabric reinforced laminates normal- 
ise after 3/4 cycles to a constant approximate 0.6 weight gain. The Kevlar 
49 fabric Ininate continued to absorb moisture under typical mission exposure 
conditions mtil a fully saturated level was attaine. Unlike grS^ite and 
glass, the basic Kevlar fiber absorbs moisture in addition to the resin matrix. 
DuPont data ieicates that the bare Kevlar fiber absorbs moisture at the rate 
of 0.3 percent per hour and finally reaches a saturation level of approxi- 
Mtely 3 percent %reight gain at 294 K(70* F)/55 percent relative humidity con- 
ditions. 

Based upon the results of the study, the moisture environmental condi- 
tioning plan for developing materials characterization design criteria was 
compiled. 

Unlike the thrust reverser application where it is exposed to the natural 
elei^nts of rain and absorbed heat from the sun, a majority of the potential 
applications for composites in the aero propulsion engines are sheltered inside 
the engine cowlings. The internal cosponents, however, will be subjected to 
humidity at ambient temperatures during storage and inoperative time on the 
ground in mldition to the flight temperature parameters and mission cycles 
and therefore, moisture levels in the composites need to be determined fpr 
each specific application to evaluate correctly the effect on mechanical «nd 
physical properties. 

• Leading edge protection systems for c<»iposite fan blades need fur- 
ther studies. The high shear and peel stresses induced at the boiKi 
between the protection and the substrate during impact are too severe 
for conventional adhesives. High strain response films with high 
elongation and viscoelastic damping characteristics are re<luired to 
withstand the high stresses without failure. The polyurethane film 
adhesive evaluated showed considerable promise in bc.*ug able to 
withstand severe deformation without failure. A mo.e heat and mois- 
ture resistant elastomeric film is required for this application. 
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